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Articles Critique of the Linear Theory of Carcinogenesis: A.M. Brues 


Present data on human leukemogenesis by radiation indicate that a nonlinear 
relation is more probable. 


Muscle Research: A. Szent-Gyérgyi 


It is one of the oldest and newest lines of biological inquiry, promising 
an insight into the nature of life. 
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Saturation Curves of Orthorhombic Sulfur in the System S-Na,S-H,O at 25° and 
50°C: R. H. Arntson, F. W. Dickson, G. Tunell 


Occurrence of Serotonin in a Hallucinogenic Mushroom: V. E. Tyler, Jr. ........ 
Passage of Bacteriophage Particles through Intact Skin of Mice: R. Keller 
Hemagglutinins in Uterine Secretions: H. Gershowitz, S. J]. Behrman, J. V. Neel .. 
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AMMONIA 


Another Advancement in Protein Research 


Automatic 
AMINO ACID ANALYZER 


using Moore-Stein technique 


Quantitative analysis of amino acids with the new Beckman/Spinco 
Amino Acid Analyzer saves as much as 80% of the time required by 
conventional chromatographic. techniques. Analysis of a protein 
hydrolysate is completed in 24 hours—and because operation is virtually 
automatic, an operator need be available for only 3% hours. 


The instrument, based on the developments of Drs. Spackman, 
Stein and Moore of the Rockefeller Institute, uses ion-exchange 
chromatography to separate a mixture of amino acids. A color is 
formed continuously with ninhydrin reagent, and a built-in recorder 
plots color density on a chart. The concentration of each amino acid is 
then read from the chart. The method is applicable to a variety of 
ninhydrin-positive compounds, including components in physiological 
fluids, foods and tissues. 


{ A typical chart from the Spinco Amino Acid Analyzer using the 
Moore-Stein technique is shown at left. The first run on acid and 
neutral amino acids required 18 hours; the 4-hour run on a second 
column recorded basic amino acids. More than twenty amino acids can 
be measured on the standard instrument, with an accuracy of 3 percent. 


For literature on this new instrument, please write Spinco Division, 
Beckman Instruments, Inc., Stanford Industrial Park, Palo Alto, 
California. Ask for Bulletin MS-5I. 


Reference: D. H. Spackman, W. H. Stein, and S. Moore, 
‘‘Automatic Recording Apparatus for use in the Chromatography 
of Amino Acids’’, Anal. Chem., 30, 1190-1206, 1958. 


Beckman: 
Spinco Division 


Beckman Instruments, Inc. 
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A money-saving pre-publication offer on a landmark in scientific literature 


Moments of Discovery 


TWO VOLUMES, BOXED 


A remarkable insight into the creative process in science — presenting 2500 years 
of scientific achievement in the words of 83 of the leading scientists of history from 
Hippocrates to Einstein . . . from the discovery of the law of the lever to atomic fis- 
sion. Edited, with a wealth of background information, by George Schwartz and 
Philip Bishop; introduction by Linus Pauling. 


¢ Over 1,000 pages total; 
nearly 500,000 words; 
more than 50 rare illustra- 
tions. 


¢ To be published in No- 
vember at $15. Special Pre- 
publication Price: $11.95 


of science — from its beginnings 
in the ancient world to the pres- 
ent day. These epochmaking 
discoveries take on new signifi- 
cance when re-created in the 
actual words of the men who 
made them, providing meaning- 


pot ALANOISIG AO 


Volume One HIS unique two-volume set past scientific accomplishments 

The Origins of Science brings together the personal, to contemporary progress, prob- 

Vol first hand accounts of the drama- lems, prospects and to the unity 
olume Two tic “moments of discovery” that of science itself. 

have contributed to the advance Volume One, The Origins of 


Science, depicts the evolution of 
scientific thinking up to the sci- 
entific revolution of the 17th 
and 18th centuries. Volume 
Two, The Development of Mod- 
ern Science, knits together the 
strands of accumulated knowl- 


Agricola Lamarck ful new insights into the nature edge in biology, chemistry, phys- 
Archimedes Laplace and growth of science. ics, astronomy, medicine, elec- 
Aristotle Linnaeus How, for example, did the tronics and other epochal ad- 
Bacon Lister minds of the great astronomers vances of modern times. 
Becquerel _ Lucretius actually work? Tycho Brahe, Encyclopedic in scope, MO- 
Boyle Malpighi writing in 1572, begins: “. . . MENTS OF DISCOVERY is 
Brahe Mendel in the evening . . . I noticed fascinating reading, whether 
lly Cavendish Mendeleev that a new and unusual star... taken as a continuous narrative 
Copernicus Newton was shining directly over my or as individual selections. 
Curie Oppenheimer head where there never before 4 , 
Dalton Pascal had been any star.” SPECIAL 
was it ie fo Peet drawings ofthe scientists them-  PREPUBLICATION OFFER 
de Vries scope in the 17th century? Van ke 
Dutrochet Priestley Leeuwenhoek delightedly reports of has been 
- little animalcules Mitted. Aristotle and Archime- vember at $15.00 the set. How- 
des ... Geber and Agricola...  ¢Ver, we invite you to order your 
— limes stuck out two little horns” Galileo, Newton, Cavendish, copy now in advance —and to 
Galileo Roentgen e Halley, Thomson and others. receive this two volume work at 
tussae Sarton ok More than one fourth of the the special price of $11.95, plus 
Scheele d DES. boxed set is devoted to biogra- postage. Examine MOMENTS 
COVE di- phical, cultural and historical DISCOVERY free on pub- 
Halley Spallanzani pes E - ; anks to t eo commentaries by the editors lication for 10-days. Return it 
which amplify the meaning of without obligation if you are not 
rete aaa rg hi - P broad sci. the achievements of the great delighted. Send no money now, 
jertz Theophrastus e ac levement in a broad sci- scientists. Through them, the simply give the Reservation 
n Edward Jen. "C2der is afforded an accurate Certificate to your bookseller or 
ni - hy . . 
az sade Van Leeuwenhoek] ner the first fateful test of his P°'SP ective from which to relate- mail it direct. 
Jenner Vesalius smallpox vaccine: “.. . I selected 
on, Kepler Volta a healthy boy about eight years |RESERVATION CERTIFICATE| 
Koch Wohler old, for the purpose of inocu- To Your Bookseller or 


And others — 83 in all 


THE. EDITORS 
GEORGE SCHWARTZ, 
Fellow of the New York 
Academy of Science, is a 

rominent science educator. 


lating for the cowpox. The mat- 
ter was taken from a sore on the 
hand of a dairymaid, who was 
infected by her master’s cows, 
and it was inserted, on the four- 
teenth day of May 1796, into 


BASIC BOOKS, Publishers 


59 Fourth Ave., New York 3, N. Y. 

first edition set(s) of MOMENTS OF 
DISCOVERY. In November, send me the set(s) for FREE ten-day 
examination. Within that time I'll either return them or send my 
check for the prepublication price of $11.95, plus postage. 


Ship to 
HILIP W. BISHOP, Head ” 
Curator, Department of Arts the'arm of the boy. 
and Manufactures, U.S. Na- In MOMENTS OF DISCOV- |} oC": 
Smithsonian ERY, nearly one hundred such 


Check here if you are enclosing full payment now. We pay 
postage. Same return privilege. 


BASIC BOOKS, PUBLISHERS New York 


SCIENCE is published weekly by the AAAS, 1515 Massachusetts Ave., NW, Washington 5, D.C. Entered at the Lancaster, Pa., Post Office as second class 
matter under the act of 2 March 1879. Annual subscriptions: $8.50; foreign postage, $1.50; Canadian postage, 75¢. 
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Progress in 
Nuclear Energy 


The International Review Series 
in Atomic Energy under an 
Editorial Advisory Group 
assisted by an Honorary 
Editorial Advisory Board and a 
Board of Specialist Editors 
Editorial Advisory Group 

D. I. Blokhintsev 

J. V. Dunworth 

D. J. Hughes 

I. I. Novikov 

F. Perrin 

A. M. Weinberg 


Special pre- 
publication 
price 

ORDERS RECEIVED 


BEFORE 
NOVEMBER Ist, 1958 


Single volumes $12.50 
Complete set of 12 vol $140.00 


AFTER NOVEMBER Ist 


Single volumes $15.00 
Set of 12 volumes $180.00 


PERGAMON PRESS New York London Paris hos Angeles 


Edited Proceedings of the = 


Second International 
Conference on the 


Peaceful Uses of 
Atomic Energy,Geneva 
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& Board of Editors of Progress in Nuclear Energy, the International 

Review Series on Atomic Energy, have made arrangements to publish 

the Edited Proceedings of this Conference in twelve separate volumes, similar 

to those edited by them and published by the Pergamon Press on the First Inter- 
national Conference on the Peaceful Uses of Atomic Energy, held in Geneva in 1955. 

Pergamon Press have obtained the full co-operation and assistance of the appropriate 
authorities of the United Nations in this task. 

Altogether some 2,500 papers are expected to be submitted at the Conference, of which 
about 600 have been selected for oral presentation. (When the 1955 Conference 
was held 1,067 papers were submitted. ) 

If such an amount of scientific information (some 10,000 printed pages) is to 
be of immediate, as well as of long-term, benefit and value, then it needs to go 
through a process of selection, editing, and co-ordinating. This will be done by 
the specialist editors of the Progress in Nuclear Energy Series who will carry 
out this work with the assistance of the respective authors. 

In addition, in order to assist purchasers and readers of the Edited 
Proceedings of this Conference, each volume will carry (appropriately 
arranged by subject for easy reference) a list of titles and authors of 
the remaining papers (which fall within the scope of each respec- 
tive volume), submitted at the Conference but not selected by 
the editors for publication in the Edited Proceedings. In this 
way, if desired, a copy of any paper submitted at the Con- 
ference may be obtained from Pergamon Press, 
at a nominal charge. 


Series No. 


J. E. Sanders, Harwell; J. Horowitz, Saclay 
II Reactors N. L. Franklin, Risley; B. I. Spinrad, Argonne 


: I Physics and Mathematics D. J. Hughes, Brookhaven; 
Ill Process Chemistry F.R. Bruce, Oak Ridge; J. M. Fletcher, Harwell; 
| H. Hyman, Argonne 


H. 
IV Technology and Engineering R. Hurst, Dounreay; R. N. Lyon, Oak Ridge 
Metallurgy and Fuels H. M. Finniston, Harwell; J. P. Howe, Canoga Park, California 


J. F. Loutit, MRC Harwell 
VII Medical Sciences J. Bugher, Rockefeller Foundation; J. Coursaget, Saclay; 
d J. F. Loutit, MRC Harwell 
VIII Economics of Nuclear sige J. A. Lane, Oak Ridge; P. W. Mummery, Harwell; 


_ 1. R. Maxwell, London; Philip Sporn, New York 
Analytical Chemistry Editors being appbdinted 


X = Law and Administration Herbert S. Marks, Washington, D.C. 


VI Biological Sciences J. Bugher, Rockefeller Foundation; J. Coursaget, Saclay; 
| XI“ Plasma Physics and Thermonuclear Research J. L. Tuck, Los Alamos; 
| 


C. Longmire, Los Alamos; W. B. Thompson, Harwell 
XII Health Physics Karl Z. Morgan, Oak Ridge; W. G. Marley, 
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‘ 
E. Leitz, Inc., New York, 
welcomes distribution of the famous 
Schmidt & Haensch analytic instruments. 
E. Leitz, Inc. is proud to announce that it has been entrusted with the distribution of the famous products of one of the 
a oldest and best known German manufacturers of optical and precision mechanical instruments, Schmidt & Haensch of 
58 Berlin, founded in 1864. Schmidt & Haensch products, known and in use in all parts of the world, include: 
POLARIMETERS: 
for clinical purposes to determine sugar in urine; for the chemical 
industries to examine optically active substances in chemical and 
pharmaceutical products. 
SPECTROMETER-GONIOMETER: 
to determine the refractive index of solids or fluids. 
FOCOMETER: 
for the measurements of focal length of objectives from 20- 
POLARIMETERS 200 mm. 
ANOMALOSCOPE: 
a testing device for color blindness. 
PYROMETER: 
for the measurement of high temperatures, used in the manu- 
facturing of electric light bulbs and the melting of gold and silver 
in industrial or physics laboratories. 
TRICOLOR PYROMETER: 
for true melting temperature determinations in steel, cast iron, etc. 
ANOMALOSCOPE 
SPECTROSCOPES: 
for wave length measurements, classroom demonstrations, 
laboratory use. 
SUGAR REFRACTOMETER: 
for the sugar industry to obtain direct readings of percentages by 
weight of sugar. 
poo 
LEITZ, INC. 
| SCHMIDT & HAENSCH DIVISION 
rnia | 468 FOURTH AVE., NEW YORK 16, N.Y. 
Please send me additional information on Schmidt & Haensch products. 
Name 
SUGAR REFRACTOMETER Street 
City Zone State 
| 
27688 
N.Y. 
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THIS ULTRA-MICROTOME 
STANDS ON ITS REPUTATION! 
1/40 (250A) to '/2 Micron 


Servall Automatic 
Superspeed* with Con- 
tinuous Flow System* 
to 17,000 rpm—34,400 x G 


Servall Type SP/X 
Medium Centrifuge 
5,000 rpm—3,440 x G 


Servall Superspeed 
Refrigerated Centrifuge 
16,000 rpm—32,700 x G 


And the reputation of the Servall “Porter-Blum” Microtome* is for unequalled 
accuracy, quality, and reliability. It is a reputation acknowledged and endorsed 
by microtomists the world over. It is a reputation earned wherever electron-and/ 
or light-microscopy is practiced. Serial sections of a wide variety of materials J 


from 1/40 to 1/2 micron, of the highest uniformity, are obtainable. Alternate 
ultra-thin and thicker sectioning is just one unique feature. All features of this 
superb instrument are described in our illustrated BULLETIN sc-95c 


The quality of the “Porter-Blum” is carried over into the well-known Servall 
Centrifuges and Laboratory Instruments, such as the Servall 8- to 1-Tube Con- 
tinuous Flow System* that has received such high acclaim in the many labora- 
a where it is in operation. CENTRIFUGES AND LABORATORY INSTRUMENTS: 
sc-9c 


An independent company: not connected with any other centrifuge manufacturer 


Servall Omni-Mixer 
16,000 rpm—200 ml 


SINCE 1943, THE WORLD'S 
9 pa SUPERSPEED CENTRIFUGES 


NORWALK + CONNECTICUT 


*Patented: U.S.A. & Foreign 
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Psychic Income 


One characteristic feature of modern management is its concern about 
the conditions responsible for good employee morale and job satisfaction. 
Management has come to realize that pay, although of great importance, is 
only one among many factors to be considered in employee relations. Some 
of the other factors important in both job satisfaction and productivity 
are, according to a committee of the United Nations, “the need to give the 
staff a sense of belonging to their organization; the opportunity to do con- 
structive work on important problems; adequate recognition of work well 
done; a reasonable sense of security.” These nonfinancial factors constitute 
“psychic income and are in many cases far more important to the recruit- 
ment and retention of superior staff members than pay and fringe benefits” 
[James M. Mitchell, Public Personnel Rev. 17, 268 (Oct. 1956)]. 

That employees themselves regard “psychic income” as important is 
apparent from the results of a study of 17,439 Government and 3317 in- 
dustrial scientists and engineers [Attitudes of Scientists and Engineers in 
Government and Industry (Government Printing Office, Washington, D.C., 
1957)]. Government respondents on the average ranked the following 
factors in research employment either as of considerable or of great im- 
portance on this descending scale: interest potential of the work, integrity 
of management, opportunity to discover and do creative work, oppor- 
tunity to move up in the organization, caliber of supervision, living con- 
ditions, pay, chance to contribute to basic scientific knowledge, and so on. 

One large-scale program designed to stimulate endeavor in Government 
work was only lightly touched upon in this study. This is the program 
that began following passage of the Incentive Awards Act of 1954 and 
that has since been expanding rapidly. The act permits departments to 
make awards—either cash or honorary—for useful suggestions or superior 
performance. The number of awards made for suggestions adopted was 
35,246 in fiscal 1955, 79,295 in 1956, and 86,209 in 1957; the total cash 
awarded during the three years amounted to $6.1 million and resulted in 
estimated savings in Government operations of $176.1 million. Similarly, 
the number of awards for superior performance was 3856 in 1955, 23,054 
in 1956, and 41,340 in 1957 and resulted in estimated savings of $136.1 
million. 

From an administrative standpoint the program is clearly a success even 
though the estimate of savings—about $18 for each dollar of awards—may 
be somewhat inflated. Whether the program stimulates scientific creativity 
(as opposed to money-saving suggestions) is uncertain, as is its effect on 
morale and job satisfaction. In those agencies such as the Bureau of 
Standards and the Office of Naval Research where awards are frequent 
and in general regarded as based on merit, the employee reaction is 
favorable; in other agencies where awards are infrequent or where there is 
dissatisfaction with the mode of selection, the employee reaction is less 
favorable. 

Further experience and study will doubtless show how best to use the 
awards and indeed whether the program has any effect upon the creativ- 
ity and job satisfaction of scientists and engineers. Most Government 
scientists (69 percent) would, if selected for an award, prefer a cash to an 
honorary award. This is hardly surprising since the cash award constitutes 
both psychic and real income.—G.DuS. 
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TRIOCULAR MICROSCOPE 
“YOUR RESEARCH LOAD 


FASTER PHOTOMICROGRAPHY 


The Triocular Body, combining binocular eye- BAUSCH & LOMB 
pieces for comfortable visual use and a monocu- phi 
lar photographic tube, lets you scan, orient and mi 
focus in the usual way. When ready to take a = ie 
picture, just a glance at the Reflex Back of your eC 
camera and CLICK! That’s it! There’s no guess- 6 is 
work, no waste of time or film. You photograph to 


exactly what you see—and what you see is un- 
equalled in image quality. RESEARCH MICROSCOPES pal 
or 


ON-THE-SPOT CONSULTATION 


With the new B&L Triocular microscope and p—-—MAIL COUPON FOR DATA AND DEMONSTRATION . 
Model N Eyepiece Camera, you and a colleague sit 
the same subject, at BAUSCH & LOMB OPTICAL CO. ent 
through the same microscope. Invaluable for ; ‘ _Y. : 
collaboration, in studies of | 4 
material. Ample light (with B&L Professiona 
Illuminator) even for phase contrast, dark-field, O Send me B&L Dynoptic Triocular Microscope ine 
deeply stained specimens. Catalog D-1084. ” 
PLUS ALL THE EASE AND COMFORT C] Schedule a demonstration, in my lab, at my hay 
EXCLUSIVE WITH B&L DYNOPTIC DESIGN it 
As in all B&L Dynoptic Microscopes, controls are positioned low to NAME, TITLE ari: 
let your hand rest on the table throughout orientation and fine fo- 
cusing. Ball bearings and rollers “float” the focusing system for PROFESSIONAL = 
effortless operation. World’s finest optical system makes prolonged ADDRESS 
observation easy on your eyes. ’ bogi 
(Complete Triocular Microscope, or interchangeable Triocular body, avail- Lab 
able in B&L Dynoptic Laboratory and Research Microscope models.) a 
——— — — — J 
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Critique of the Linear 


Theory of Carcinogenesis 


Present data on human leukemogenesis by radiation 
indicate that a nonlinear relation is more probable. 


A question which has interested in- 
vestigators of cancer for many years is 
whether various carcinogenic agents are 
active even in very small amounts, or 
whether there are amounts or concentra- 
tions of such an agent below which no 
effect is produced, or below which the 
effectiveness drops off out of proportion 
to the reduction of dosage. The existence 
of a threshold, or at least of a marked 
nonlinearity of effect at low dosages, is 
rather taken for granted in most areas of 
toxicology, where the degree of general 
physiological impairment seems to deter- 
mine whether or not an end point such as 
death or a persistent pathologic change 
is produced, and where it is reasonable 
to assume that essentially complete re- 
pair can occur if the insult is removed 
or if its intensity is low. 

It has been thought that a different 
situation might exist where cancer is the 
end point. The main reason for this lies 
in the special nature of malignant dis- 
ease, which in its natural course leads 
inevitably to death, yet which ordinarily 
arises in a small anatomical focus, per- 
haps in a single cell. On this basis, then, 
it may be conceived that cancer could 
arise through a single randomly deter- 


The author is director of the Division of Bio- 
logical and Medical Research, Argonne National 
Laboratory, Lemont, Illinois. 
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mined alteration in a cell of the host, 
which conferred on it the capacity to 
reproduce itself indefinitely. By analogy 
to the point mutation in genetics, we can 
see that a theory postulating a linear re- 
lation between the amount of a carcino- 
genic agent and the probability of a ma- 
lignant response is allowable even where 
the respective amounts and probabilities 
are vanishingly low. The purpose of this 
article (1) is to examine whether such 
a relation has been verified (as some 
seem to assume) or indeed whether it 
seems reasonable in the light of present 
information. 

While a generalized hypothesis of line- 
arity of the carcinogenic response can 
apply equally to many types of malig- 
nant disease and to many agents, per- 
haps the strongest argument in favor of 
this hypothesis has been presented by 
Lewis (2) on the basis of several pub- 
lished studies of leukemia induction in 
man by ionizing radiation. The ensuing 
discussion will deal mainly with this spe- 
cial case, but it will be clear that many 
of the considerations presented apply 
equally well to the more general case of 
cancer induction by a variety of agents. 

There is no question as to whether leu- 
kemia may be a result of total-body irra- 
diation, or of irradiation of large masses 
of blood-forming tissue, at high dosage 
levels—that is, at levels at or above 10 


or 20 percent of the acute lethal dose, 
where widespread cellular destruction 
occurs in both lymphoid and myeloid 
tissues. This has been well established in 
work with animals and is obvious as well 
from the human data to be discussed 
here. 


The Human Evidence 


The data on leukemia incidence in the 
irradiated populations of Hiroshima and 
Nagasaki (3) suffer from the fact that 
they have been calculated on the basis 
of concentric circles at 500-meter inter- 
vals from the hypocenters. Within each 
sector defined in this way, the range of 
radiation dosages is very large. For the 
area up to 1500 meters from the hypo- 
center (that is, the area where dosage 
to unshielded or slightly shielded per- 
sons is currently estimated as 125 rad 
or above), the evidence for induction of 
leukemia is plain, and it is clear that 
the incidence increases the closer a per- 
son was to the hypocenter. 

In the critical area, from the point of 
view of this argument—that from 1500 
to 2000 meters from the hypocenter— 
the leukemia incidence has appeared 
likewise to be increased, although the 
increment was, in absolute numbers, not 
more than four or five cases. Such pre- 
liminary data as were available until re- 
cently (3) indicated, in fact, that the in- 
crement is limited to the nearest quartile 
of this area—that between 1500 and 
1625 meters—and that those cases seen 
from the area beyond 1625 meters oc- 
curred with a high probability in persons 
who had acute radiation symptoms (4). 
This would suggest that these individuals 
received substantially more than the esti- 
mated dosage, or else that other factors 
leading to acute aplastic anemia were of 
importance in the subsequent develop- 
ment of leukemia. It may be concluded 
that no increased incidence of leukemia 
following a smaller dose than 100 rad 
has been demonstrated. Publication of 
more recent figures (5) shows that the 
incidence of leukemia within the 1500- 
to 2000-meter sector equals that in the 
control sector within one standard devi- 


693 


et 
. 
ere 
| 
| 
| 
| 
ype | 
my | 
| 
| 
— 
| 


ation and further emphasizes the uncer- 
tainties of present dosimetry. The pres- 
ent data are at least as compatible with 
a physiological mechanism linking leu- 
kemogenesis with initial severe hemato- 
poietic damage, or with some other non- 
linear relation, as they are with one 
assuming an effect that is strictly linear 
with dose. 

The best documented evidence of in- 
crease in leukemia incidence with in- 
crease in radiation dosage is that de- 
tailed by Court-Brown and Doll (6). 
These investigators made a painstaking 
study of patients irradiated over the 
spine and elsewhere to alleviate the 
symptoms of ankylosing spondylitis, and 
the individual doses have been carefully 
calculated. It is noted that the calcu- 
lated mean spinal marrow doses show 
a curvilinear relation to leukemia inci- 
dence. Something resembling a linear 
relation can be deduced only by dis- 
carding those cases in which extraspinal 
irradiation was also given. The effect of 
this procedure is to eliminate almost all 
of the cases receiving a high dosage— 
those which most clearly demonstrate 
the nonlinearity of the function. It is 
indicated that these cases were omitted 
because high doses elsewhere may have 
involved other marrow areas; however, 
since the calculated integral body doses 
also show a curvilinear relation to leu- 
kemia, the reason for this treatment of 
the data is not at all apparent. Indeed, 
the authors state that they cannot rule 
out a threshold but suggest that a linear 
relation without threshold constitutes a 
good “working hypothesis.” 

While the actual data indicate that 
this working hypothesis is a less prob- 
able one than one that assumes a thresh- 
old or a nonlinear relation, it is illumi- 
nating to make a careful study of the 
clinical protocols. First, of the 32 cases 
accepted as leukemia after careful study 
of pathologic material, only 22 were so 
certified at death, and another five cases 
were classed as suspicious but lacking a 
final positive diagnosis. Many more cases 
of aplastic anemia were observed within 
the same range of dosages. Those who 
have had experience with clinical leu- 
kemias will be impressed by the high 
proportion of equivocal cases. If one is 
willing to forego the statistical require- 
ment of assigning each case to a single 
disease category, it is obvious that many 
of the cases illustrate the unfolding of a 
sequence of pathologic changes in which 
a persistent disordered or aplastic state 
of the marrow is a precursor rather than 
a consequence of leukemia. This is like- 
wise true of other agents similarly affect- 
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ing the bone marrow, notably benzol 

All of the cases of leukemia arising in 
this series followed doses exceeding 450 
r to the spinal marrow, with one excep- 
tion. In the exceptional case, the leu- 
kemia was of the lymphatic type and the 
patient had been more heavily irradiated 
in extraspinal areas. 

In other series of cases where leukemia 
has resulted from irradiation, there is no 
information bearing on the question of 
linearity. Children receiving treatment 
to the thymic area have shown an inci- 
dence of about 0.5 percent (8). This is 
true in both dosage groups—above and 
below 200 r. There has been no further 
breakdown of the dosages, but it may 
be presumed that all irradiations were 
severely damaging to thymic tissue, since 
the purpose of treatment was to produce 
involution of the presumably enlarged 
thymus. Cancer of the thyroid is also fre- 
quently preceded by thymic irradiation 
above 200 r (9), but it is possible that 
complicated endocrine interrelationships 
may be operative in this instance. 

It has been noted for some time that 
American radiologists are more prone to 
leukemia than other physicians (/0). 
The average dose sustained by this group 
has recently been estimated as about 
2000 r delivered over. many years (11), 
but no particular distribution of indi- 
vidual dosages can be assumed, and it is 
certainly not justifiable to use any esti- 
mated average dose in an argument con- 
cerning linearity unless the distribution 
can be established. Since the average ac- 
cumulated dose to radiologists seems to 
have been far in excess of the single 
midlethal dose for man, and since the 
increment in leukemias is much _ less 
than that observed in the most heavily 
exposed Hiroshima survivors, it would 
seem that a gradually accumulated dose 
is much less effective than the same dose 
received at one time. This is in accord 
with experimental data, and its signifi- 
cance will be discussed later. 

The most impressive survey indicating 
that leukemia may follow rather low 
single doses of x-ray is that of Stewart 
et al. (12). In a partially complete sur- 
vey of childhood leukemias in England 

and Wales over a 3-year period, it ap- 
pears that abdominal radiography dur- 
ing gestation (generally radiographic pel- 
vimetry) about doubles the probability 
of development of leukemia, and also of 
various forms of cancer, in the first 10 
years of postnatal life. While the fetal 
radiation doses would be assumed to be 


small, they are quite variable even in the ° 


instances so far reported (13), and in a 


survey of an entire country, they almost 
certainly cover an even wider range of 
techniques and dosages, perhaps includ- 
ing a certain number of fluoroscopies. 
Pending the accumulation of further 
data (for example, regarding the vari- 
ables of sex, order of birth, and domi- 
cile), it can only be said that these data 
reaffirm that radiation is mildly leu- 
kemogenic, but that they add little to 
the linear hypothesis. Certain criticisms 
of the study have been brought forward 
(14), particularly to the effect that radio- 
graphic procedures may be based on par- 
ticular medical indications which may 
bear some causal relation to leukemia in 
children. Another recent study (/5), 
while not taking into account radio- 
graphic pelvimetries, demonstrated that 
allergic states in the mother (including 
the use of antihistaminic drugs) predis- 
posed to the development of childhood 
leukemias. 


There has been a formidable increase — 


in leukemia incidence in the United 
States population in the past few dec- 
ades; it more than doubled between 
1925 and 1940 in all classes (white and 
nonwhite males and females) (16) and 
continues to increase. The increment 
certainly is relatively greater than that 
in the average population exposure to 
radiation in the same period. A part of 
this increase is no doubt due to improved 
diagnosis, since, as was mentioned above, 
a diagnosis of leukemia is not always 
simple or obvious, While this steady in- 
crease has been loosely attributed to an 
increase in human irradiation (/7), 
there seems to be no doubt that many 
other potentially leukemogenic agents 
have likewise had increasing impact on 
man, none of which (except perhaps 
benzol) has been seriously considered 
from the standpoint of possible leukemo- 
genic action. The suggestion has been 
made (/8) that, as a result of reduced 
mortality from infections, persons sus- 
taining damage to the bone marrow are 
increasingly likely to survive to develop 
leukemia. 

It would appear from the foregoing 
discussion that, in the only series of data 
where linearity from zero might be dem- 
onstrated (6), it has indeed not been 
shown. It is also apparent that a critical 
analysis of the data fails to establish 
any human leukemogenic response below 
about 100 r, although, on further analysis 
in detail, the data of Stewart (12) might 
conceivably establish such a response in 
the special case of the fetus receiving a 
single, nearly instantaneous dose. Vari- 
ous alternative hypotheses can be con- 
structed which conform to the existing 
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information as well as, or better than, 
this one. 

There is relatively little reliable clini- 
cal information concerning other forms 
of malignant disease in the same context. 
The American radiologists, who have 
shown a considerable propensity to leu- 
kemia, have not shown any increased 
tendency to tumors of bone, although at 
the voltages used in diagnostic radiogra- 
phy, the bone-forming cells may be ex- 
pected to receive several times as much 
ionization as do the soft tissues. Studies 
of juvenile cancer of the thyroid have 
shown that it usually occurs in persons 
who have had previous irradiation of 
the thymus, which, as mentioned above, 
entails a dose of about 200 r. In Stew- 
art’s studies relating childhood leukemia 
to diagnostic procedures on the gravid 
mother, a similar relation was found 
with other forms of malignant disease 
occurring before the age of ten. 


Experimental Studies 


In spite of the extensive work that 
has been carried out in experimental car- 
cinogenesis, there is remarkably little 
which suggests the possibility of a linear 
dose-response relation—the most obvious 
one to look for—while there are many 
instances in which the response is clearly 
not linear. One recent review of the sub- 
ject, referring to radiation carcinogenesis, 
states that “none of the animal experi- 
ments have indicated a linear relation- 
ship between tumour incidence and 
dose” (19). 

Among the difficulties encountered in 
such studies are: that there is a natural 
“spontaneous” incidence of all or most 
tumor types; that there is a “latent 
period” which may be a significant frac- 
tion of the life span, and which appears 
to increase as the dose of the carcinogen 
is lowered; that induced tumors may 
continue to develop throughout life; 
that the spontaneous incidence usually 
increases with age; and that verification 
of a single tumor ordinarily requires 
careful microscopic study of well-pre- 
served material (this is particularly true 
of the leukemias). 

One clear instance of a nonlinear re- 
sponse is that of lymphoid tumors in 
mice induced by total-body x-ray (20). 
Here the latent period is short (about 
100 days) and the response runs its 
course well within the life span of the 
species; also, the natural incidence as a 
function of age is well established. Under 
these circumstances it has been shown 
that the number of additional tumors in- 
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creases more than tenfold as the x-ray 
dose is increased by a factor of three. 
Further evidence of the nonlinearity 
of this form of leukemogenesis is seen in 
a study of mice irradiated by doses rang- 
ing as low as 16 rem (21). While the 
data are shown only in graph form, it 
is clear that incidence of thymic lym- 
phomas rises very steeply at the higher 
doses and cannot be extrapolated linearly 
to zero. Myeloid leukemia is relatively 
rare, and the data (involving, appar- 
ently, less than a dozen cases at the 
lower and control levels) seem to allow 
the possibility of a linear no-threshold 
function but not to prove it (22). 
There are no studies of the dose-re- 
sponse relation in chemical carcinogene- 
sis that have been extensive enough to 
settle the point under discussion. Care- 
ful scrutiny of the data of Bryan and 
Shimkin (23) suggests a threshold for 
one carcinogenic hydrocarbon but not 
for another, but in neither case were 
enough animals exposed at lower doses 
to establish the true nature of the func- 
tion. Graffi (24) has presented data 
showing a marked threshold when di- 
methyl-1,2-benzanthracene is painted on 
mouse skin, while if croton oil is also 
administered, a linear relation appears 
at daily doses of between 10 and 100 
micrograms of the carcinogen. 
Induction of bone tumors by divided 
doses of strontium-89 was demonstrated 
some years ago to be markedly dose-de- 
pendent (25). In this instance the rate 
of tumor development was ‘found to be 
proportional to dose and to the time 
after the end of a latent period. I in- 
terpreted these data to indicate that each 
increment of radiation confers an equal 
probability of tumor development that 
is indefinite in time, beginning after a 
latent period which becomes longer as 
the dose rate is reduced. In a sense, this 
is a linear response, but in the context 
of the mutation theory the latent period 
becomes meaningless, since a simple so- 
matic mutation theory implies equal re- 
sponsiveness of any single cell receiving 
a certain point mutation (necessarily 
basic to a linear response at low doses). 
If one calculates numbers of tumors at 


any given time after the onset of irradia- 


tion, a markedly nonlinear function is 
seen. 

Perhaps the only recent experiment 
in which a linear relation is more than 
remotely possible is that of Bond e¢ al. 
in which mammary tumors (benign and 
malignant) were induced in Sprague- 
Dawley rats by doses of total-body x-ray 
of between 25 and 400 r during the first 
year of life (26). Since these tumors are 


very common in females of this strain 
at a year or more of age, and since the 
numbers produced in this experiment 
are equivocally small, linearity cannot be 
proved even within those limits, and the 
possibility of an acceleration of a nor- 
mal process has not been ruled out. : 

Ultraviolet light is consistently effec- 
tive in the production of skin cancer in 
man and other animals. Blum (27) has 
analyzed the results of several time- and 
dose-patterns of irradiation and has 
failed to demonstrate any responses that 
fit with a linear hypothesis. The re- 
sponse is markedly time-dependent and 
requires continued exposure, and its na- 
ture indicates rather conclusively that a 
sequence of radiation-induced changes 
must take place before a tumor will ap- 
pear. 

For a single-event theory to hold water 
implies that the response must be inde- 
pendent of dose rate. Lack of dose-rate 
dependence has been one of the crucial 
proofs of the linearity of the genetic point 
mutation. No cases of strict equality of 
the carcinogenic response at different 
dose rates have apparently been reported. 
As a rule, the response drops off with 
lengthening of the total time of exposure. 
This is seen clearly in rats exposed to 
external beta irradiation in single or 
daily doses (28). In the case of lym- 
phoid tumors in mice, the induction rate 
appears to pass through a maximum 
when irradiation is distributed over a 
period of a few days, falling off on either 
side of this optimal rate (20). 

There are many examples of the in- 
duction of malignant disease through 
mechanisms which are clearly indirect— 
that is, where irradiation of a cell can 
be shown not to be the critical factor. 
It has been found, for example, that ir- 
radiation of the mouse ovary results in 
ovarian cancer only when all of the 
ovarian tissue has been irradiated, so 
that pituitary gonadotrophins are evoked 
and stimulate this tissue to hyperplasia 
and, eventually, to abnormal growth 
(29). 

A striking example of the indirect 
mechanism is seen in induction of lym- 
phoma in mice, which, as mentioned 
above, is clearly not a linear response. 


“Mice in which lymphoma is readily in- 


duced by total-body irradiation can be 
almost wholly protected by shielding 
part of the body (30), or by irradiating 
the anterior and posterior halves of the 
body a few days apart (31). Since lym- 
phoma can also be prevented by the ad- 
ministration of bone marrow following 
total-body irradiation (32), it seems 
likely that a prolonged depression of the 
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' whole blood-forming system is more cri- 
tically necessary to its development than 
irradiation of the cells. It -has, in fact, 
been noted that while lymphoma can be 
prevented by thymectomy in certain 
strains, it may develop in an unirradiated 
thymic transplant in an irradiated mouse 
(33). 

In addition to these and other evi- 
dences of indirect physiological mecha- 
nisms intervening between tissue irradia- 
tion and malignant change, there is a 
large body of evidence indicating that 
the malignant transformation occurs 
after a sequence of “precancerous” stages 
has taken place. The most widely ob- 
served example is in the development 
of skin cancer, which, in whatever way 
it is produced, is likely to be preceded 
by various types of benign atrophic or 
hyperplastic states; in experimental stud- 
ies it most often develops in a benign 
papilloma. It has long been known that 
in rabbits treated with tar, a large num- 
ber of papillomas is produced but only a 
very occasional one proceeds to malig- 
nant change. Gliicksmann (34), studying 
precancerous tissue changes, has ob- 
served that, following local irradiation, 
there is a long succession of destructive 
and proliferative changes culminating 
finally in cancer; this is in contrast to 
induction of similar tumors by hydro- 
carbons, where, if the treatment is inten- 
sive, the cancer may appear almost at 
once. It appears to be impossible, by in- 
creasing the dose of a radioactive agent, 
to reduce the latent period of carcinoma 
or sarcoma below about 6 months (35). 
Many other lines of evidence point in 
the same direction: the statistical studies 
of Blum (27) on ultraviolet-induced tu- 
mors; the pathologic studies of Foulds 
(36) on spontaneous breast cancer; stud- 
ies on cocarcinogens (for example, cro- 
ton oil) (37); Tannenbaum’s observa- 
tions (38) concerning the different 
effects of diet in the early and late phases 
of carcinogenesis; and a number of re- 
cent studies on the gradual process by 
which a tumor develops invasive char- 
acteristics. The entire question of the 
complexity and apparent multistage na- 
ture of carcinogenesis has been discussed 
at length by others, including Huxley 
(39) and Oberling (40). 


The Somatic Mutation Theory 


It has been natural to think of the can- 
cer cell as a mutant of the normal tissue 
cell, What sort of mutation or combina- 
tion of mutations it may represent has, 
however, defied intensive and prolonged 


= 


study. In the last analysis, cancer is de- 
fined by its interaction with the normal 
tissues—by its “invasiveness” or ability 
to metastasize in the original host, or to 
transplant into a genetically nearly iden- 
tical recipient or into an immunologi- 
cally inert environment such as the an- 
terior chamber of the eye (these criteria, 
incidentally, become satisfied only in a 
relatively late stage of a morphologically 
identified cancer). Morphologically, it 
is characterized by variability of cell size 
and by irregular mitoses; on careful cyto- 
logical analysis, by aneuploidy and the 
presence of supernumerary chromosomes. 

The unequal mitosis was first clearly 
recognized by von Hansemann in 1890 
(41), and Boveri later (42) emphasized 
that this might have significance in the 
etiology of tumors. The concept of the 
somatic mutation grew, with increasing 
sophistication in genetics, and was first 
spelled out by Whitman in 1919 (43). 
Muller, in a brilliantly concise paper in 
1927 (44), first suggested a possible re- 
lation between the mutagenic and catr- 
cinogenic actions of x-rays. In the past 
30 years, workers in cancer research have 
kept the somatic mutation theory under 
scrutiny, but no definitive test of it has 
been achieved. 

It is important to keep in mind that 
the somatic mutation theory is amenable 
to a variety of interpretations. In the 
sense that it is merely a restatement of 
well-known facts, it has little meaning 
to the present argument. Only if it is de- 
fined restrictively as referring to a single 
point mutation or similarly unique event 
does it imply a linear relation between 
cancer incidence and the amount of a 
mutagenic carcinogen. In the event that 
particular sorts of chromosome rear- 
rangements or a certain combination or 
succession of mutations are necessary, a 
linear relation is negated. Careful con- 
sideration of the evidence has led to 
even broader interpretations of the the- 
ory—namely, that the critical changes 
occur through interaction of enzyme-de- 
termining genes, plasmogenes, and sub- 
strates (45). The view that cytoplasmic 
changes are important is supported by 
the fact that the chemical carcinogens 
appear to be fixed to cytoplasmic rather 
than to nuclear constituents (46). 

Efforts have been made to find a cor- 
relation between mutagenic and carcino- 
genic potency of various agents and have, 
in general, met with exceptions in both 
directions (47), The entire matter of the 
somatic mutation theory has been care- 
fully reviewed by Burdette (48), who 


finds little evidence favoring a single cell- — 


mutation process. The remainder of this 


discussion, except where otherwise in- 
dicated, will refer to the point mutation 
in a single cell as the carcinogenic de- 
terminant, since that concept is neces- 
sary to the linear theory. 

I have previously taken occasion (49) 
to direct, criticism against the somatic 
mutation theory on the basis of the mu- 
tation rates it implies, particularly when 
animal species of greatly differing size 
are considered. While the genetic mu- 
tation affecting an individual is clearly 
traceable to an event occurring in a sin- 
gle cell, the somatic mutation which 
leads to a tumor in an individual would 
be presumed to have occurred in any of 
a very large number of cells of the par- 
ent tissue. A postulated rate of human 
leukemia development of around 10-® 
per year per roentgen (2) (since there 
are perhaps 10" proliferating myeloid 
cells capable of mutating) yields an esti- 
mated somatic cell mutation rate of 


about 10-17 per year (50). Similarly, the 


“spontaneous” cell mutation rate to leu- 
kemia on these assumptions must be very 
low. A little computation shows that if 
cancer is a result of a particular muta- 
tion in a single cell, a local radiation- 
induced perturbation in a given molecule 
is extremely unlikely to produce a car- 
cinogenic somatic mutation; or, ex- 
pressed in older terminology, such a mu- 
tation must occur in an infinitesimally 
small target area (5/). In more modern 
genetic terminology, the “penetrance” 
of such a mutation must be so small as 
to require some special interpretation. 

The situation is still more difficult to 
rationalize when we consider the impli- 
cations of the fact that different species, 
such as mouse and man, have roughly 
equivalent cancer rates (spontaneous 
and radiation-induced) but that the 
number of cells from which cancer pre- 
sumably can arise differs by a factor of 
more than 1000. This applies if muta- 
tion rates of somatic cells are properly 
to be calculated per generation of the 
species; if they were to be calculated on 
the basis of time, an additional factor of 
about 30 would be introduced. With 
reference, for example, to myeloid leu- 
kemia, it is apparent that the rates per 
mouse and per man are the same within 
an order of magnitude (52). 

One possible way out of this dilemma 
would be to adopt the assumption that 
somatic mutation rates are much lower 
in man than in smaller, shorter-lived 
animals. In view of the great structural 
and functional similarities between so- 
matic cells of the various species, and 
since no differences exist in the genetic 
mutation rates (spontaneous or in- 
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duced), this seems highly improbable. 
Another possible escape would be to as- 
sume that only a certain small number 
of cells (say one) in a given tissue of 
any species was capable of undergoing 
a mutation to cancer. Such circum- 
stances as those, however unlikely, might 
serve to explain why certain species are 
able to attain greater size and age span 
than others. I feel, however, that the 
burden of proof must rest on those who 
are attracted to the somatic point-mu- 
tation hypothesis because of its super- 
ficial simplicity, and that they are the 
ones to take those difficulties into ac- 
count, 

If we are to accept the rather appar- 
ent fact that a large number of cells are 
potentially capable of mutating to can- 
cer cells, and that therefore the somatic 
cell point-mutation rates must be enor- 
mously lower than those encountered in 
genetic mutations at a single locus, we 
are led to the conclusion that cancer is 
a very improbable result of a single mu- 
tation and, therefore, that other events 
are necessary in addition: perhaps one 
or more additional mutations occurring 
in the same or nearby cells, or other, 
physiological determinants. In the first 
instance the dose-effect relation will be 
a curvilinear one representing a power 
function of dose [the data of Court- 
Brown and Doll (6) actually fit a 
square-of-dose relation much better than 
they do a linear one]. The species dis- 
crepancy might then be explained on the 
basis that the functions are of a differ- 
ent power—that is, that different num- 
bers of “hits” are necessary to produce 
cancer in different species; this has in- 
deed been suggested to account for vari- 
ous spontaneous cancer rates in several 
species (53). 

Considerable attention has been given 
recently to the natural age incidence of 
cancer as well as to that of gross mor- 
tality. It has been known for over a cen- 
tury (54) that human mortality rates 
tend to increase exponentially with age, 
indicating a mathematical function (the 
Gompertz function) of what may be 
called the aging rate. In recent years, 
with advances in medical means of com- 
bating infections and other diseases of 
early and middle life, this function is 
increasingly evident in vital statistics 
(20, 55). In animals of shorter life span, 
the mathematical function remains the 
same but the time scale is shortened, so 
that the doubling time of the mortality 
rate is about ten years in man and 100 
days in the mouse. 

A similar age-incidence function ap- 
plies to many diseases, including the vari- 
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ous forms of cancer (55). In the latter 
case, it has been noted that there is an 
early peak in childhood, the height of 
which varies with the tumor type (this 
is essentially the only component in some 
neuroblastic tumors and in Wilms’ tumor 
of the kidney), suggesting that there may 
be two basically different mechanisms of 
“natural” carcinogenesis. It is apparent 
that the cancer curves decline from the 
exponential slope in extreme old age; 
this may be an artifact of diagnosis or 
it may represent an effect of senility on 
the process; it has also been pointed out 
that the curves may better be fit to a 
power function of time, as if a multi- 
plicity of events is necessary (53). 

It is difficult to explain the age inci- 
dence by a single-mutation mechanism 
of carcinogenesis; this certainly cannot 
be done if we are to assume that radia- 
tions (or similarly acting chemical 
agents) are totally responsible, through 
such a mechanism, for forms of cancer 
in which the exponential age incidence 
is observed. One possible mechanism in- 
volving mutational change has been sug- 
gested by Armitage and Doll (56), who 
postulate that an initial change gives 
rise to a clone of exponentially growing 
cells which are subject to a further, car- 
cinogenic change. This, if applied to 
radiation, would imply an exceptional 
effectiveness of widely spaced dosages, 
which does not appear to have been ob- 
served. Other explanations of the natural 
age incidence based either on an expo- 
nential or a logarithmic curve have also 
postulated multiple independent events 


(57). 


Alternative Hypotheses 


It has already been made clear in this 
discussion that a linear theory resting on 
the somatic mutation is not valid if more 
than one mutation, or if some nonlinear 
phenomenon such as a chromosome re- 
arrangement, is necessary. This may be 
generalized by saying that a linear the- 
ory is valid only if a single factor in the 
process is linearly responsive to the car- 
cinogen (for example, radiation), while 
all others (if any) are quite independent 
of it. Such complications may indeed ex- 
ist in radiation mutagenesis in the mouse, 
where neither dose nor dose rate shows 
a clear linear relation to genetic muta- 
tion rate (58). 

Cocarcinogens. There is much to sug- 
gest, in experimental carcinogenesis, that 
“latent” tumor cells are produced by one 
process and brought to a malignant state 
by a cocarcinogen The most potent such 


agent is croton oil. In the mouse, this 
agent brings to rapid fruition many tu- 
mors that are potentially created by a 
chemical carcinogen (37). It has been 
found that croton oil abolishes the 
threshold which is observed when only | 
the carcinogen is applied (24). On the 
other hand, repeated applications of the 
carcinogen have been more effective in 
producing malignant tumors than a sin- 
gle application followed by the cocarcin- 
ogen (59). Where croton oil treatment 
follows a radiation exposure, only an in- 
crease in the number of benign papil- 
lomas has been observed (60). 

Role of cell division. It can be en- 
visioned that a number of cell divisions 
may be necessary in order for a carcino- 
genic mutation to manifest itself; such 
phenomena have been observed in other 
fields of genetics. This could explain the 
rather high frequency with which ma- 
lignant changes occur in tissues that are 
cultivated over a period of months 
(where the mass of tissue is small, but 
where more successive cell generations 
occur than in the achievement of the 
cell mass of an adult). 

In this instance, it will be noted that 
massive destruction of tissue results in 
regeneration of cells and that this process 
is observed repeatedly during the “latent 
period” following carcinogenic irradia- 
tion of tissue. This is difficult to fit to a 
linear hypothesis. In the first place, Puck 
and Marcus have demonstrated that cell 
death is not linear but is better described 
by a two-hit curve (61); also, the num- 
ber of cell generations required in re- 
pair would more or less be an exponen- 
tial function of the relative amount of 
destruction. 

Carcinogenic potential of a single cell. 
It may be observed that a single cancer 
cell is unlikely to give rise to a tumor. 
This is dramatically shown by the ex- 
traordinary frequency with which cancer 
cells are seen in relatively small samples 
of blood draining a human tumor—for 
example, in 10-milliliter samples from 
over 20 percent of patients, including 
many which are not showing metastases 
(62). In highly autonomous experimen- 
tal tumors, under favorable conditions, 
single cells may transplant to give tu- 
mors, but under most conditions large 
numbers of cells must be inoculated for 
a “take.” 

Physiological environment. It has been 
generally believed that the tissue envi- 
ronment is important in determining 
cancer cell growth. This concept has 
many facets. The proliferation of single 
cells in tissue culture, for example, re- 
quires that they be closely confined, or 
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that they be explanted with a large 
number of other cells, or that they be in 
a “conditioned” medium in which other 
cells have been cultivated. Again, as was 
described many years ago by Willis (63), 
there is little evidence from detailed his- 
tologic work that would lead one to be- 
lieve that cancer arises in a single dis- 
tinguishable cellular focus, since it is 
usually multicentric in its earliest visi- 
ble stages. Biochemical studies have led 
Warburg (64) to suggest that the tumor 
arises in some way adaptively to an en- 
vironment in which oxidative processes 
are interfered with. Experimentally it 
has been found that small tumor inocula 
take more readily in altered tissue, such 
as in the liver damaged by chloroform 
(65), while experiments employing skin 
transplantation have shown the same 
thing in the converse: carcinogenically 
treated epidermis fails to produce tu- 
mors when it is transferred to a fresh 
site (66). 

While these observations are somewhat 
varied and point in a number of direc- 
tions (and there are many more such), 
they all point away from the simple con- 
cept of a single mutation operating free 
of other influences which depend on the 
carcinogen. To take radiation as an ex- 
ample, a visible disorder of tissue archi- 
tecture and of its vascular supply is uni- 
versally characteristic of those dosage 
levels at which cancer is an observed 
end result. It should not be forgotten 
that in a number of other situations 
where such disorder is the chief recog- 
nizable change—as, for example, follow- 
ing thermal burns—cancer frequently 
arises. 

While the concept of a multiplicity of 
single mutation-like events leads neces- 
sarily to a nonlinear relation between 
dose and cancer incidence, the added 
concept of a state of tissue disorder as a 
requirement of tumor appearance im- 
plies that a true threshold can occur. 
There seems to be no direct evidence of 
any sort that can rule this out. 
Enzyme deletion and similar mecha- 
nisms. Considerable evidence has been 
brought forth recently which indicates 
that cancer may very well not be due to 
a gene mutation mechanism at all, but 
to a special situation determined by 
cytoplasmic (that is, plasmagene-depen- 
dent) conditions leading to deletion of 
certain enzyme-forming systems (67). 
Evidence for this is found in the fact that 
many chemical carcinogens are fixed to 
cytoplasmic proteins; that the enzyme 
patterns in tumors are characterized 
mainly by various deficiencies; and that 
changes in enzyme patterns—in particu- 
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lar, development of new pathways—can 
owe their origin to shifts in the concen- 
tration of various substrates. This 
condition can occur through known posi- 
tive and negative feedback systems. Per- 
haps the most important of these involves 
pathways, only beginning to be defined, 
by which the formation of thymidine is 
kept under control (68). A failure of 
the feedback mechanism which nor- 
mally retards thymidine synthesis might 
be sufficient to give rise to cancer as it 
is clinically recognized and defined. Such 
a mechanism of carcinogenesis would 
explain the necessity for a particular sub- 
strate concentration, hence for a group 
of potential cancer cells or of a specially 
abnormal tissue milieu. It would like- 
wise predict—unless such systems are as 
unique in each cell as are single genes— 
a multiplicity of “hits,” involving in ad- 
dition, perhaps, a competition between 
normal and abnormal plasmagenes for 
supremacy. Haddow (69) suggests a 
nuclear site for the development of en- 
zymatic changes or deletions altering 
growth control, perhaps in the hetero- 
chromatin, and Green (70) has devel- 
oped evidence for a theory that the loss 
may be of certain immunologic identi- 
fiers, While a single-event process might 
be consistent with some of these mecha- 
nisms, I feel that many of the considera- 
tions given above cast great doubt on this 
possibility. 

The virus theory. Brief mention may 
be made of the theory, for which there is 
some experimental evidence, that there is 
a provirus which may, through action of 
a carcinogenic agent, be altered to pro- 
duce a tumor agent in the cytoplasm. 
Such viruslike agents include the milk 
factor and the leukemia agent (71). The 
possibly analogous production of infec- 
tive agents from lysogenic bacteria has 
been shown by Marcovich (72) to be 
linear with a large range of radiation 
dosages. Again, the great rarity of car- 
cinogenesis as a cellular change appears 
to be strong evidence against accepting 
this as a single-hit cause of cancer; also, 
the type of leukemia in which this sort 
of agent has been demonstrated, the lym- 
phatic leukemia of the mouse, is the 
most notorious instance of a nonlinear 
radiation response. 


Discussion 


It has been suggested that strontium- 
90 from fallout might be linearly respon- 
sible for a very low (but in absolute 
numbers, appreciable) incidence of leu- 
kemia. It has been further suggested 


that very low-level increments of carbon- 
14 might (due to its 5000-year half-life) 
result, in many thousands of years, in 
calculable, if not determinable, num- 
bers of leukemias. From the foregoing 
discussion it is deduced that this seems 
most improbable. Moreover, strontium- 
90 can, in man, affect only a very local- 
ized part of the marrow, and at a dose 
rate which is extremely low. 

This review has necessarily included 
only a small part of the literature perti- 
nent to this subject; the evidence offered 
against linearity at low doses must be 
taken only as illustrative, while the evi- 
dence in its favor has been discussed 
rather completely. With present experi- 
mental evidence failing to demonstrate 
linearity even in genetic mutations in 
the mammal, it would not seem reason- 
able to give undue credence to linearity 
in the much more complex matter of 
cancer production. The reader is encour- 
aged to examine some recent thoughtful 
reviews on the subject (73) before ac- 
cepting a simple theory of carcinogenesis. 


Summary 


1) Present data on human leukemo- 
genesis by radiation fail to indicate a 
linear relation between dose and effect. 
Because data are scanty, such a hypothe- 
sis cannot be ruled out statistically, but 
it is less probable than a nonlinear or 
threshold relation. 

2) Other instances in which carcino- 
genic agents have been examined from 
the standpoint of dose and dose-rate re- 
lations show many clear instances where 
the relation is nonlinear and none in 
which linearity is unquestionably demon- 
strated. 

3) Theoretical consideration of the 
probability that a single critical molecu- 
lar event, such as a mutation, will give 
rise to cancer indicate that a malignant 
change must be an extraordinarily im- 
probable result of such a perturbation. 
It is also very difficult to reconcile this 
mechanism with the rather comparable 
spontaneous and induced-cancer inci- 
dences in species with greatly different 
numbers of cells. 

4) Any scheme in which multiple 
events caused by the carcinogen are re- 
quired to produce a tumor is incom- 
patible with a linear relation, while, if a 
disordered state of tissue is an impor- 
tant factor, a true threshold may even 
occur. There is much evidence, from 

cancer research of all sorts, indicating 
' that one or both of these conditions is 
involved in the carcinogenic process. 
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Muscle Research 


It is one of the oldest and newest lines of biological 
inquiry, promising an insight into the nature of life. 


If science is the art of measuring, then 
muscle has no equal as a material in the 
study of life, for there is no other tissue 
whose function is connected with equally 
extensive and intensive changes in chem- 
istry, physical state, energy, and dimen- 
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sions. This is why physiology, up to the 
turn of the century, was mainly mus- 
cle physiology. After muscle had been 
pushed into the background by enzymes 
and hormones for a while, the develop- 
ment of modern physical methods once 
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more turned attention toward it with 
its macromolecular organization and its 
“mechanochemical coupling” (the con- 
version of chemical bond energy into 
work). 

Muscle also has a strong appeal to 
the medically minded. The heart and 
the uterus both are, in a way, but bags 
of muscle, and our blood pressure is 
regulated by muscles that determine the 
lumen of our smaller blood vessels. 

The function of muscle is to create 
motion. There are many sorts of motion, 
and thus there are many sorts of mus- 
cles, even if the basic principles on 
which they are built may be identical. 
A muscle cell or fiber is a very complex 
system, and the unit of its function, the 
twitch, is a very complex cycle. Hence, 
“muscle research” covers a wide field of 
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inquiry. Fortunately, research is simpli- 
fied to some extent by the fact that 
energy production and energy consump- 
tion are separated. This separation en- 
ables the researcher to work on one of 
the two processes independently. What 
is driving the muscle machine is, accord- 
ing to our present knowledge, the frec 
energy released by the splitting of the 
terminal “high-energy phosphate-bond, 
~ P,” of adenosine triphosphate (ATP), 
which is created at the expense of fer- 
mentation and oxidation. Oxidative phos- 
phorylation is linked to the mitochon- 
dria, while contraction is the function of 
the contractile filaments. 

There are many approaches to muscle. 
We can inquire, for instance, into the 
physical changes accompanying contrac- 
tion, measuring heat production or 
changes in elastic properties, as A. V. 
Hill and his associates have done. We 
can inquire into the nature of the single 
parts of the contraction cycle, asking 
how depolarization is produced on the 
muscle membrane, how this depoiariza- 
tion is propagated, how it triggers the 
function of the contractile matter inside 
the fiber, and how the contracted muscle 
returns to its resting state. We may in- 
quire into the nature of the contractile 
material and the changes which it un- 
dergoes in contraction and subsequent 
relaxation, and we may inquire into the 
feedback mechanisms which adjust mo- 
tion to the physiological requirements. 
Since each of these partial processes rep 
resents a more or less self-consistent field 
of inquiry, it is impossible to cover all 
of them within the boundaries of a short 
article. Accordingly, I shall limit myself 
to one aspect only, one to which most 
of my personal experience relates: the 
problem of the mechanochemical cou- 
pling and the nature of the main con- 
tractile protein, myosin. 


Early Work on Myosin 


Myosin has been known for almost a 
century, having been discovered by W. 
Kiihne, who showed that a great amount 
of a protein can be extracted from mus- 
cle by a strong salt solution. This pro- 
tein precipitated on dilution of the salt 
present and was found in the 1930’s by 
Edsall, Muralt, H. H. Weber, and others 
to consist of rod-shaped molecules. When 
I embarked on muscle research two dec- 
ades ago it became increasingly clear that 
what was driving contraction was the 
~ P of adenosine triphosphate. Engel- 
hardt and Ljubimowa (J) had just dis- 
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covered that myosin could split this bond 
and thus release the energy which it 
needed for its contraction. The idea of 
a “contractile enzyme” was most excit- 
ing. None of us had much doubt, then, 
that contraction had to be some sort of 
a folding, elicited in the myosin rodlets 
by the ATP molecule at certain points, 
and we were looking forward to the pos- 
sibility of describing this reaction soon 
by a simple chemical equation. 

The only trouble was that myosin 
would not contract outside the body. 
My associates, Banga and Straub, and I 
showed (2) that this failure was due to 
the fact that the contractile protein was 
not myosin but actomyosin, a complex 
of myosin with a hitherto unknown pro- 
tein, “actin.” About the same time 
Schramm and Weber (3) showed “myo- 
sin” to be dishomogeneous in the ultra- 
centrifuge. Under the electron micro- 
scope (Ardenne and Weber, 4) the faster 
sedimenting fraction was found to con- 
sist of filaments which were, evidently, 
filaments of actomyosin. 

In the resting muscle there seems to 
be no interaction between actin and 
myosin, the formation of actomyosin be- 
ing brought about by “excitation.” The 
association of actin and myosin goes 
hand in hand with the increase in elastic 
modulus which characterizes the “active 
state” of A. V. Hill (5). Once it has 
been formed in the presence of physio- 
logical concentrations of ATP and ions, 
actomyosin has te go over into its con- 
tracted state. The energy spent in this 
process can be used to lift a weight— 
that is, to do work. 

What made actin exciting was the fact 
that it allowed us to produce and study 
motion and contraction in vitro, and 
bolstered our hopes that soon we would 
know all about the process. If ATP was 
added to actomyosin in the test tube, the 
actomyosin underwent violent physical 
changes which consisted in the shorten- 
ing of its filaments and the loss of its 
hydrophilous character. The analogy be- 
tween these in vitro reactions and mus- 
cular contraction could be brought closer 
by showing that a muscle, thoroughly ex- 
tracted with glycerol, is still capable of 
contracting and developing maximal ten- 
sion on addition of physiological concen- 
trations of ATP (6). (Glycerol destroys 
the finer mechanisms but leaves acto- 
myosin intact.) So the conclusion could 
be drawn that muscular contraction, es- 
sentially, is an interaction of actin, myo- 
sin, ATP, and ions. I will omit the dis- 
cussion of actin and limit myself to 
myosin. 


Complex Nature of Myosin 


The first experimental evidence that 
the situation was not as simple as we 
believed and that myosin is not a homo- 
geneous rodlet was obtained by Gergely 
(7) and Perry (8), who showed that 
trypsin decreased the viscosity of myosin 
solutions without decreasing its ATP-ase 
activity. The myosin, thus treated, could 
be separated into two fractions, only one 
of which showed enzymic activity. After 
studies pursued with Mihalyi (9), the 
final analysis of this change was given by 
A. G. Szent-Gyérgyi (9), who showed 
that the “myosin molecule” is disinte- 
grated by trypsin into six subunits, mero- 
myosins, which were shunted in a row, 
in series. There are two different kinds 
of such subunits. One kind was thicker 
and sedimented faster than the other and 
was, accordingly, called “H” (heavy), 
while the other was slender and had a 
lower molecular weight and was called 
“L” (light). The H meromyosin had the 
full ATP-ase activity of the whole myo- 
sin molecule and interacted with actin, 
while the L seemed to be involved in 
shortening. The nature of the links hold- 
ing the meromyosins together has not 
yet been cleared up definitely. All the 
same, these findings made it certain that 
the myosin particle is not a homogene- 
ous rodlet but consists of different parts 
with different structures and functions. 
The L meromyosin has a high, the H 
a low, a-helix content (Cohen et al., 10). 
That these subunits are, in one way or 
another, preformed in myosin is also 
shown by their different amino acid 
turnover numbers (Velick, 11). 

The situation was somewhat simpli- 
fied by Laki and Carroll’s (12) finding 
that carefully extracted myosin had only 
half of the previously accepted molecu- 
lar weight; “old myosin” was thus a 
dimer formed in vitro after extraction. 
As far as its dissociating action on acto- 
myosin is concerned, ATP seems to re- 
act with myosin in stoichiometric propor- 
tions (Hanson and Mommaerts, 13). To 
compensate for this simplification, it was 
found that the meromyosins themselves 
are built of a great number of much 
smaller subunits into which they disinte- 
grate if they are acted upon by urea. 
The L type disintegrates completely, the 
H partially (A. G. Szent-Gyérgyi and 
Borbiro, 14). The molecular weight of 
these sub-subunits, “protomyosins,” is 
about 1/100 that of myosin. What is dis- 
turbing about this finding is the fact that 


‘ urea is known to split hydrogen bonds 


only, leaving covalent bonds intact. If 
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we define a molecule as a structure with 
a covalent backbone, then the “myosin 
molecule” is no molecule at all but a 
complex system of small units held to- 
gether by secondary forces, like H-bonds, 
van der Waals attractions, or dipole mo- 
ments. 


Function and Chemistry 


As a rule, new knowledge leads to 
a better understanding. With muscle, 
things seem to go in the opposite direc- 
tion, and one may ask whether the real 
difficulty does not lie in an inadequacy 
of our basic concepts. Present biochem- 
istry stands under the domination of 
classical chemistry, according to which 
two molecules must come into bodily 
contact to be able to interact. This woud 
mean that the ATP molecules can in- 
duce changes in the contractile protein 
only at the points at which they are 
bound and split. The fact that only the 
H meromyosin splits ATP, while it is 
the L which seems to be more directly 
involved in contraction, suggests the in- 
adequacy of the classical concept, mak- 
ing some sort of a migration of energy 
seem likely. This calls to mind the case 
of the Bacillus proteus. This bacterium 
has long flagellums, about as long as a 
sarcomere. These flagellums move the 
bacterium by means of the undulatory 
motion passing along their whole length. 
According to their x-ray spectrum, as 
shown by the studies of Astbury, Beigh- 
ton, and Weibull (/5), these very thin, 
threadlike structures are closely related 
to myosin and have about the same di- 
ameter as the contractile filaments of 
muscle. Thus, in them we see “biolog- 
ical movement stripped to its barest es- 
sentials.” Since these flagellums are too 
thin to allow us to suppose that circula- 
tion takes place inside them, the energy 
which moves them must be fed into 
them at their basal end and then, some- 
how, must migrate along their length. 
Perhaps we have taken a much too nar- 
row view of life in trying to explain all 
its reactions in terms of classical chem- 
istry. In order to understand we might 
have to descend from the dimension of 
macromolecules to those of electrons, 
from classical chemistry to quantum me- 
chanics, taking into account factors such 
as molecular excitations, the resonance 
transfer of their energy, solid-state phys- 
ics, the electromagnetic field and its per- 
turbations, long-range water structures, 
and, possibly, proton conduction. Every- 
thing seems possible at present. Our 
knowledge of muscle is in the liquid state. 
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Function and Structure 


Looking out for some more solid hold, 
one can try to correlate the known chem- 
ical data with the classical microscopic 
structure of muscle. Such an attempt was 
made lately by Holtzer and Marshall 


(16), who applied Coons’ (17) “fluores- 


cent antibody method” to muscle, inject- 
ing the various muscle proteins and their 
subunits into rabbits and then making 
visible the immune bodies thus produced 
by coupling them with a fluorescent dye. 
These workers found that the different 
immune bodies were bound differently 
by the different parts of the sarcomere. 
The “myosin antibody” was bound by the 
A-band. This finding supported earlier 
findings (Amberson, 18; Hasselbach, 19; 
Hanson and Huxley, 20) that myosin is 
located in the A-band. The “L-antibody” 
was bound by the lateral parts of the 
A-band, while the “H-antibody” was 
bound by the narrow M-band, lying in 
the middle of the sarcomere, suggesting 
that this band is its location, and there 
may be no such thing as myosin in mus- 
cle at all. What we called “myosin” 
might have been an aggregate of mero- 
myosins formed after their extraction. 
Another approach was opened by the 
polarization microscope of Shinya Inoué 
(21). This instrument, with its high reso- 
lution and clean polarization optics, re- 
veals new structural details and shows 
new cross bands. It also indicates that 
the A-band contains a ‘relatively great 
quantity of a structural protein which is 
neither myosin nor actin and which 


The muscles which move our body con- 
sist of fibers of the dimension of a human 
hair. Under the microscope (schematic 


representations above) these fibers are _ 


found to be built of darker, denser, doubly 
refractant segments (the anisotropic “A- 
bands”), and lighter, less dense segments 
with poor double refraction (the isotropic 
“T-bands”). In the middle of the 


I-bands are the “Z-membranes.” The seg- 
ments enclosed by two Z-membranes are 
called “sarcomeres.” In the middle of the 
A-band there is a thin membrane, the 
“M-membrane,” delimited on either side 
by a narrow zone of small density, the 
“H-band.” 


seems to be identical with the “X-pro- 
tein” (22). The microscope also shows 
that muscle fibrils from which myosin 
has been extracted bind H meromyosin. 
with preference in the M-band. 

In considering the problem of corre 
lating structure with function and chem- 
istry, one’s thoughts naturally turn to the 
electron microscope, which extended the 
domain of morphology into macromo- 
lecular dimensions. The first attempt on 
this line is linked to the names of Hall, 
Jakus, and Schmitt (23), who showed 
that the muscle fiber, essentially, is a 
bundle of a great number of thin fila- 
ments which do not bend or fold in con- 
traction. New details were revealed lately 
by the admirable pictures of H. Huxley 
(24) which show the presence of two 
kinds of filaments in cross-striated mus- 
cle. There are thicker “primary” fila- 
ments, located in the A-band, and twice 
as many thinner “secondary” filaments 
reaching from the Z-band to the H-band. 
In cross sections the thinner filaments 
were found to surround the thick ones 
in a hexagonal array. 


Sliding Filaments 


On stretching, the two kinds of fila- 
ments were found to be sliding past one 
another, making the H-zone and I-band 
wider. Building on these observations, 
Hanson and Huxley (25) proposed a new 
theory of contraction according to which 
what happens in this process is the oppo- 
site of what happens on stretching: the 
secondary filaments are pulled in be- 
tween the primary ones with a consecu- 
tive gradual narrowing of the I-band, 
which disappears altogether when the 
Z-membrane reaches the A-band. A. F. 
Huxley’s (26) motion pictures of living 
muscle strongly plead for this mechanism 
of contraction, which explains also the 
puzzling fact that there is no change in 
x-ray periodicities in initial states of con- 
traction: the muscle shortens but its 
filaments do not. 

No doubt, this theory signifies an im- 
portant step in the study of muscle. It 
gives a clear picture of the mechanics 
and the morphological changes taking 
place in the contraction of cross-striated 
muscle, offering a solid foundation for 
further discussion. But do we really un- 
derstand muscle now? Far from it; mus- 
cle has remained just as much a mystery 
as it was before. We still do not know 
what happens when ATP is split and 
how its energy is, eventually, converted 
into the pull exerted on the secondary 
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filaments. The in vitro reaction of actin, 
myosin, and ATP shows that there are 
interactions between these substances 
leading to violent physical changes. 
Though physical (A. F. Huxley, 27) 
and chemical (H. H. Weber, 28) theo- 
ries are not lacking, the nature of these 
interactions is still unknown. They rep- 
resent the primary happening and form 
the core of the problem of muscular con- 
traction, Within the framework of the 
macromolecular arrangements of cross- 
striated muscle, they cause the secondary 
filaments to be pulled in between the pri- 
mary ones, but if this “pulling in” is all 
there is to it, then shortening should stop 
at 30 to 40 percent—as soon as the 
Z-membranes reach the A-band. All the 
same, muscle can go on shortening up to 
80 percent, producing tension all the 
time. These high degrees of shortening, in 
cross-striated muscle, may not be physio- 
logical, corresponding to the “delta 
state” of Ramsay, in which changes be- 
gin to be irreversible (5). All the same, 
for the theory they are of prime import. 
Smooth muscles which have no cross 
bands, and, accordingly, no periodic dou- 
ble array of filaments, also contract up 
to 80 percent, though they do so at a 
slower rate. Similarly, actomyosin fila- 
ments can contract under the influence 
of ATP up to 80 percent, though “slid- 
ing” makes no sense at all here. So it 
seems that the sliding of filaments is 
linked to the specific steric arrangements 
in cross-striated muscle, where this slid- 
ing makes rapid shortening possible, 
being the secondary consequence of 
changes which we fail to understand. 


Conclusion 


So we can sum up by saying that we 
still-do not understand muscle and do 
not know how ATP is driving it. It may 
be true not only that our outlook on bio- 
logical action is too narrow, but also that 


our knowledge of muscle structure is too 
incomplete. Important structures, such as 
the “endoplasmic reticulum” (Porter 
and Pallade, 29), have -been discovered 
lately, and there is no reason to believe 
that this structure is the last unknown. 
Important protein fractions (22) wait 
for identification, while other fractions, 
such as Bailey’s tropomyosin (30) have 
not yet been fitted into the muscle ma- 
chine. The dimensions indicate that the 
myosin filaments are many molecules 
thick. So we have to suppose that, just 
as protomyosins have to join in a very 
specific way to form a myosin molecule 
(if there is such a substance at all), 
so the myosin molecules have to join 
in a very specific way to build a filament 
—structural details, without the detailed 
knowledge of which we can hardly hope 
to understand function. The painstaking 
and extensive application of current 
methods may yield a great deal of im- 
portant new information, but it is pos- 
sible that entirely new approaches are 
needed. Such new approaches are being 
opened in various quarters. Koshland’s 
(31) application of the isotope tech- 
niques has already led to surprising new 
data. The magnetic anisotropy of mus- 
cle, discovered recently by Arnold, 
Mueller, and Steele (32) in my labora- 
tory, may lead to new clues, 

There is a certain urgency about solv- 
ing all these riddles, for only a better 
understanding of muscle can enable us 
to cope with its disorders, which cause 
so much suffering. The number of dys- 
trophic patients in this country alone 
goes into the hundred thousand, and so 
does the number of lives lost because of 
hormonal disturbances of the membrane 
activity of uterus muscle cells (Csapo, 
33). We can hope that a better under- 
standing of muscle will not only spare 
human suffering and frustration but that 
it will bring us closer, also, to the under- 
standing of the basic principles on which 
life is built. 
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News of Science 


Second United Nations International Conference 
on the Peaceful Uses of Atomic Energy 


During the first 13 days of this month 
scientists from 69 nations met in conven- 
tion in Geneva, Switzerland, to discuss 
the peaceful uses of atomic energy. The 
conference, called the largest assemblage 
of natural scientists ever convened, fol- 
lowed by 3 years the first such interna- 
tional meeting, which also met in Geneva. 
Behind both meetings is the historic 
speech given 8 December 1953 by Presi- 


dent Eisenhower. Speaking before the 


General Assembly of the United Na- 
tions, the President pledged the govern- 
ment of the United States to find ways 
by which “the miraculous inventiveness 
of man shall not be dedicated to his 
death but consecrated to his life.” The 
member nations of the U.N., acting in 
concert, translated this resolve into a 
continuing international program. 


Scope 


The formal program of the convention 
called for 12 general sessions, 6 evening 
lectures, and 85  seminar-like small 
meetings. The seminar schedule, which 
included 16 free periods to be used as 
the participants saw fit, was arranged on 
a five-part, or series, structure. Major 
aspects of atomic energy discussed in the 
series were (i) physics, (ii) reactors, 
(iii) chemistry, (iv) isotopes and biol- 
ogy, and (v) raw materials, metallurgy, 
and reactor technology. 

A comparison of the 1955 and 1958 
conventions reflects the growth of the 
atomic energy field. Although there were 
three fewer nations in attendance at the 
later meeting, the number of individuals 
present jumped from 2900 to more than 
6300. The number of technical papers 
submitted is more than two times greater 
than the 1955 figure, with the result that 
there will probably be 34 volumes in the 
published proceedings. 


Results 


The major results of the conference, 
which was designed to facilitate the ex- 
change of information between scientists 
working in the field of atomic energy, 
follow. 

Fission. Fission power plants have al- 
ready turned out hundreds of millions of 
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kilowatt-hours of usable electricity. By 
1970 nuclear stations will have at least 
15 million kilowatts of electrical capac- 
ity—some 50 times as much as at present. 
The cost of nuclear power is expected to 
fall “well below” that of conventional 
power by the late 1960’s in the United 
Kingdom, and nuclear power will be 
competitive with .conventional power in 
other countries between 1963 and 1973. 

Fusion. Papers indicate that “remark- 
able progress” is being made on a very 
broad front in the problem of fusion 
power. However, speakers estimated that 
it would take 10 years to reach the 
“break-even” point in experimental de- 
vices (the point at which the energy 
turned out equals the energy fed in), 
plus an additional period to develop ma- 
chinery on an industrial scale. 

Propulsion. A “hopeful” outlook for 
nuclear-propelled ships was indicated by 
reports on the U.S.S.R.’s_ icebreaker 
Lenin, launched last year, and the United 
States’ merchant ship Savannah, now 
under construction. Commercial nuclear 
aircraft propulsion seems much further 
away, but experiments with small nu- 
clear systems potentially useful in air- 
craft were described. 

Isotopes. Radioactive isotopes were 
reported serving around the world as 
new tools in medicine, agriculture, in- 
dustry, and basic sciences. Their use was 
reported to be saving industry $400 mil- 
lion a year in the United States and 1000 
million rubles a year in the Soviet Union. 
In medicine, the use of isotopes for diag- 
nosis and treatment was described as 
“one of the brightest and most exciting 
developments of modern science.” 

Hazards. Study of some of the hazards 
associated with the atomic age revealed 
that nuclear power reactors had been 
performing safely, with few disturbances 
and no danger to personnel, and that it 
was possible to “see daylight” in the 
problem of safe disposal of radioactive 
wastes. 

Legal problems. New international 
agreements will be needed to deal with 
problems raised by patent laws, pros- 
pecting, international collaboration, mo- 
bile reactors, the disposal of wastes in 


the oceans, and possible damage beyond 
national boundaries as a result of reactor 
incidents. 
Exhibition 

In conjunction with the conference, a 
20-nation exhibition of the peaceful uses 
of atomic energy ran concurrently on the 
grounds of Palais des Nations. In a tem- 
porary building erected between the 
Palais and Lake Geneva many aspects 
of current work in atomic energy were 
demonstrated. An operating nuclear re- 
actor, laboratory devices, flow charts, 
uranium-prospecting vehicles, and a trav- 
eling laboratory were among the exhibits. 

The United States offered the largest 
display and had four major sections 
dealing with basic sciences, life sciences, 
fission reactors, and fusion research. The 
exhibition, which was open to both the 
conferees and the public, drew an at- 
tendance of 100,000 persons during the 
15 days it was open. It closed Monday, 
15 September. 


Removal of Secrecy 


Most auspicious circumstances sur- 
rounded the opening of the convention. 
Just prior to the first of the month an- 
nouncement was made that the United 
States, Great Britain, and the U.S.S.R. 
had removed all security restrictions on 
their thermonuclear research. 

The action, widely applauded by the 
conference participants, set the tone of 
the international meeting. The Ameri- 
can scientist who said, “This is pure joy 
to be able to talk freely,” spoke for most 
participants. Many examples were found 
in which work done in secrecy in one 
country was confirmed by work done in 
another. One case, announcement of 
proof that pi mesons degenerate into 
electrons, a matter that had been under 
study for 23 years, moved one scientist 
to dance a jig in the corridor of the 
Palais. 


Future Meetings 


As at the first conference in 1955, the 
participants at the Second International 
Conference on the Peaceful Uses of 
Atomic Energy considered the possibility 
of future meetings. Among participants 
and observers the conviction seemed 
widespread that the rapid growth of the 
atomic energy field had resulted in the 
conferences becoming unwieldy and im- 
practical. Despite the elaborate organi- 
zational structure, many scientists found 
themselves unable to keep up with the 
flow of information that came out of the 
numerous sessions. Further, they found 
that there was inadequate time for infor- 
mal meetings among the men working 
in various nations on similar problems. 

A commonly expressed view was that 
future conferences should be held at 
more frequent intervals and on more spe- 
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cialized topics. Despite these views, the 
U.S. delegation suggested a third meet- 
ing in 1961. The matter can be expected 
to be a topic of discussion during the 
General Assembly session on the United 
Nations which is currently convened in 
New York. 


Publication of Proceedings of the 
United Nations Conference on 
Peaceful Uses of Atomic Energy 


The U.N. has announced the sched- 
uled publication of the various reports 
and statements made at the conference. 
The proceedings of the conference 
will constitute the means by which the 
information will be made available 
throughout the world. The only com- 
plete edition, which will be in English 
will consist of the following: 

1) Material relating to the objectives 
and operation of the conference. 

2) The record of all sessions. There 
was a series of plenary meetings and five 
concurrent sessions, when approximately 
600 selected papers were orally pre- 
sented and discussed. 

3) The complete text of all papers 
submitted to the conference (approxi- 
mately 2200). 

4) A detailed index volume (subject, 
numerical, and author.) This is an im- 
portant and useful addition to the pub- 
lished proceedings. 

Two new subjects discussed at this 
conference were “controlled fusion” 
and the use of nuclear power for pur- 
poses other than the generation of elec- 
tricity, as, for example, its application to 
marine propulsion. Further details on 
these topics are available from U.N. in- 
formation sources. 

While the Proceedings of this confer- 
ence will be of direct value primarily to 
the scientist, their importance reaches 
far beyond the purely scientific interest. 
Papers on finance, banking, health 
safety, education, and many other as- 
pects of this question will be of special 
interest to all whose lives and interests 
involve atomic energy in its broadest 
sense. 

The complete English edition is ex- 
pected to consist of 34 volumes. They 
will be produced by letterpress with an 
8%-by-ll-inch page size; the volumes 
will probably average 500 pages each 
and will have a distinctive cover design 
and dust jacket. 

The first volumes will be available in 
December 1958, and the last volumes 
are expected off the presses by July 
1959. To insure maximum speed in pub- 
lication, the work of printing has been 
assigned to printers in several countries 
in Europe and North America. 
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Copies of each volume will be mailed 
to subscribers as soon as they become 
available. 

The average retail price of the English 
edition of the proceedings will approxi- 
mate U.S. $15 per volume, or the equiv- 
alent in other national currencies; the 
regular price for the full set will there- 
fore approximate $510. 

In a special prepublication offer the 
United Nations and local bookstores will 
now accept orders for the complete Eng- 
lish edition of 34 volumes at the special 
price of $435. For this prepublication 
price, all orders must be received by the 
United Nations prior to 30 November 
1958. In addition to the very substantial 
economy achieved, prepublication orders 
will be given priority. 

Two payment. methods are available. 

1) Full payment may be made of the 
total prepublication price for the com- 
plete English edition of $435 or its 
equivalent in other currencies; for fully 
prepaid orders no postage will be 
charged. 

2) Those who prefer longer term pay- 
ment arrangements are required to de- 
posit 10 percent of the prepublication 
price ($44 or the equivalent in other 
currencies). Thereafter, monthly in- 
voices covering the full price of volumes 
sent during the month must be paid as 
they are received, until the full prepub- 
lication price has been paid; the balance 
of volumes remaining will then be sent. 

Readers who do not wish to subscribe 
to the full series may record their par- 
ticular field of interest on the order 
cards provided by the U.N.; for volumes 
which fall within the particular subject 
indicated, further particulars will be 
sent as soon as they are available. The 
special prepublication terms are avail- 
able only to subscribers to the complete 
series. 

Abridged editions in French and Span- 
ish will be published by the United Na- 
tions. They will consist mainly of the 
papers presented orally (approximately 
600), the papers submitted in the lan- 
guage of the edition, and a selection of 
other papers. Each of these editions is 
expected to comprise 15 volumes, and a 
prepublication price of $190 is available 
until 30 November 1958. : 


Heisenberg Theory 


The mathematical formulation of a 
“uniform field theory” developed by 
German physicist and Nobel Prize win- 
ner Werner Heisenberg was criticized 
recently at a meeting in Geneva of about 
200 physicists from the East and West. 
Wolfgang Pauli of Switzerland voiced 
doubts about the accuracy of the mathe- 
matical computations on which the the- 


ory was based. He said that although 
this must not necessarily prejudice the 
conclusions drawn by Heisenberg, the 
theory nevertheless lacks power of proof. 
Marvin Goldberger of Princeton Uni- 
versity commented that “The idea of 
the theory is highly admirable, but my 
personal feeling—and that of many 
other physicists here—is that the mathe- 
matical methods used by Heisenberg to 
arrive at specific numeral predictions 
must be regarded as being doubtful.” 


Support for Academic 
Freedom Work 


The American Association of Univer- 
sity Professors has announced receipt of 
a grant from the Jerome Levy Founda- 
tion of “no less than $5000 a year,” for 
a 5-year period, the money to go into 
the association’s Academic Freedom 
Fund. A chief use of the grant will be 
to give temporary aid to the professor 
who is discharged or suspended without 
pay in apparently clear violation of prin- 
ciples of academic freedom, and who is 
particularly handicapped in making his 
defense because he lacks money to live 
on. In addition, the fund will be used 
at colleges or universities where a gen- 
eral crisis threatens the academic free- 
dom of a whole institution, and where 
faculty members rising to meet that 
threat need financial support. 

In a statement to the press, William 
P. Fidler, AAUP general secretary, 
pointed out that defense of academic 
freedom is basically the safeguarding of 
professors in the performance of their 
work. He recognized that the objective 
and dispassionate nature of teaching and 
research will sometimes be misunder- 
stood by an excited public opinion, and 
that in its extreme form—when the ex- 
citement is about evolution, loyalty 
oaths, or racial segregation, for example 
—public opinion can become a tyranny. 
It is then time, Fidler said, to turn to 
the AAUP’s 1915 Declaration of Princi- 
ples, which describes the nature and 
function of a university: 

“Tt should be an intellectual experi- 
ment station, where new ideas may ger- 
minate and where their fruit, though 
still distasteful to the community as a 
whole, may be allowed to ripen until 
finally, perchance, it may become a part 
of the accepted intellectual food of the 
nation or of the world. Not less is it a 
distinctive duty of the university to be 
the conservator of all genuine elements 
of value in the past thought and life of 
mankind which are not in the fashion of 
the moment. . . . One of its most char- 
acteristic functions in a democratic so- 


_ ciety is to help make public opinion more 


self-critical and more circumspect, to 
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check the more hasty and unconsidered 
impulses of popular feeling, to train the 
democracy to the habit of looking before 
and after.” 

The Board of Advisers of the Aca- 
demic Freedom Fund will be: Bentley 
Glass of Johns Hopkins University, 
Robert K. Carr of Dartmouth College, 
Ralph F. Fuchs of Indiana University, 
and Edward L. Hutton and S. Jay Levy 
of New York City. 


Thermophysical Properties 
Research Center 


The Thermophysical Properties Re- 
search Center at Purdue University was 
started in January 1957 with the ulti- 
mate goal of becoming a world center 
for the collection, analysis, correlation, 
and dissemination of thermophysical 
properties information and of providing 
facilities for research to fill in the gaps 
in the world knowledge of these prop- 
erties. The center is under the direction 


of its originator, Y. S. Touloukian, a 


member of the staff of the School of 
Mechanical Engineering. It is housed in 
a small two-story building that stands 
between the School of Mechanical Engi- 
neering, which administers it, and the 
Statistical Laboratory, without whose 
digital computer, magnetic tapes, and 
other data-processing equipment the or- 
ganization could not function, for it is 
essentially a mechanized operation. For 
example a machine method of abstract- 
ing scientific articles should soon be in 
use. The machine scans a printed page 
and selects and prints only the sentences 
relating to a specific subject, thus pro- 
ducing an abstract in the author’s own 
words. 

The staff of the center consists of 
seven scientists drawn from the schools 
of mechanical engineering, chemical and 
metallurgical engineering, chemistry, and 
physics. The initial financial needs of the 
center have been met by some 20 indus- 
trial organizations known as founder 
sponsors, each of which has agreed to 
make an annual contribution for 3 years. 

The number of founder sponsors will 
be increased by at least 50 percent be- 
fore the end of this year. Firms may 
join the group of founder sponsors up 
until the end of the first 3-year period, 
which expires 31 December 1959, after 
which no more will be accepted. 

The center’s operation is conceived as 
a continuous program to serve eco- 
nomically all needs in the field of ther- 
mophysical properties information, in 
contrast to a series of costly “crash pro- 
grams” on individual problems. There- 
fore, the objective has been to receive 
small contributions from many . firms— 
the minimum for a founding sponsor 
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being $2500 per year and the average 
for all founding sponsors thus far being 
$3500. 

A scheme to classify all matter has 
been designed, a task that required 1 
year and 2 months. The scheme was 
taken out to experts in the field to be 
broken down if possible. It stood up. 
Since the information is vast, a system 
of coding had to be devised for its 
mechanization. This also was accom- 
plished in the first year and a half of the 
center’s operation. 

During this year and a half, the cen- 
ter has also been able to collect infor- 
mation and conduct research. Some 
21,000 items of information have been 
collected and processed. This has all 
been accomplished on an _ operating 
budget of only $75,000 per year. The 
center now plans to raise its operating 
budget to $225,000 a year, increase its 
personnel, and undertake to serve the 
total needs of industry, the colleges, the 
Army, Navy, and Air Force for informa- 
tion on all thermophysical properties of 
matter. 

The center proposes to issue each year 
a 1000-page Bibliography on Thermo- 
physical Properties, the first volume to 
appear about 1 January 1959. The cen- 
ter also proposes to publish “Most Prob- 
able Values of Properties,’ a set of 
tables. Touloukian sees the center’s re- 
sponsibility as about equally divided be- 
tween mechanized search of the litera- 
ture and the supervision of new experi- 
mental research. 


Hearings on Soil and Water 
Research Facilities 


The U.S. Department of Agriculture 
has announced the locations and dates 
of public hearings to be held in connec- 
tion with a study of needs for soil and 
water conservation research facilities. 
The study is being made at the request 
of the Senate Committee on Agricul- 
tural Appropriations. 

Hearings have been scheduled as fol- 
lows: 14 October, Rapid City, S.D.; 15 
October, Salt Lake City, Utah; 16 Octo- 
ber, Boise, Idaho; 24 October, Charles- 
ton, S.C.; 28 October, Sacramento, 
Calif.; 30 October, Phoenix, Ariz.; 31 
October, Amarillo, Tex.; 6 November, 
Harrisburg, Pa.; 7 November, Boston, 
Mass.; 14 November, Washington, D.C.; 
17 November, Des Moines, Iowa; 18 
November, Fort Wayne, Ind.; 19 No- 
vember, Nashville, Tenn.; 20 November, 
New Orleans, La. 

Farmers, ranchers, farm organizations, 
and lay groups interested in soil and 
water research are .invited to present 
their recommendations at the hearings. 
Formal channels have been established 


for federal agencies, state agricultural 
experiment stations, and state extension 
services to submit their recommenda- 


tions direct to the working group. Mem- ~ 


bers of the group are: G. M. Browning 
of Iowa State College, Ames, represent- 
ing the state agricultural experiment 
stations; Gerald E. Ryerson of the Soil 
Conservation Service, Washington, D.C.; 
and Cecil H. Wadleigh and Darnell M. 
Whitt of the Agricultural Research Serv- 
ice, Beltsville, Md. 

When the working group was ap- 
pointed on 29 July, it was directed to 
focus its attention on problems of na- 
tional and regional importance, leaving 
for the attention of the states problems 
having only state or local significance. 
The group will consider research needs 
in watershed engineering, erosion con- 
trol, water management, soil manage- 
ment, and basic soil problems. 


News Briefs 


The Atomic Energy Commisison has 
announced that it proposes to license two 
New England firms to collect low-level 
radioactive wastes and to dispose of 
them at sea. The licenses would be in 
effect through 31 August 1960. The 
Walker Trucking Company of New 
Britain, Conn., will be licensed to dis- 
pose of waste byproduct material (ra- 
dioisotopes) and waste source material 
(uranium and thorium). The New Eng- 
land Tank Cleaning Company of Cam- 
bridge, Mass., will be licensed to dis- 
pose of byproduct material (radioiso- 
topes). Each firm will be authorized to 
collect pre-packaged and labeled waste 
materials and to dispose of the materials 
in the Atlantic Ocean in containers made 
heavy enough to insure sinking to at least 
1000 fathoms. 

2. 

Clifford F. Rassweiler said recently in 
his presidential address to the Ameri- 
can Chemical Society that the nation 
needs a fourth military service devoted 
entirely to research and development. 
He said the new force ought to be made 
equal in stature to the Army, Navy, and 
Air Force and should have its own rep- 
resentatives on the Joint Chiefs of 
Staff. 

* * 

Metropolitan Life Insurance Com- 
pany statisticians, who have been chart- 
ing the poliomyelitis experience of the 
company’s industrial policyholders, re- 
port that not a single death from the 
disease occurred in the insured group 
during the first 6 months of the year, 
but that there were three deaths in July. 
Only 2220 cases of poliomyelitis were 
reported for the whole population of 
the country in the 35 weeks ending 30 
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August. This is nearly three-fifths of the 
total for the like period of 1957 and 
slightly less than one-seventh of the an- 
nual average for the corresponding 
period of 1953-56. The only adverse de- 
velopment so far this year is the excess 
in the number of paralytic over non- 
paralytic cases, a reversal of the situa- 
tion in 1957. 

The Japanese Government proclaimed 
the national adoption of the metric sys- 
tem a year ago. After a 3-month grace 
period beginning 1 October, commercial 
companies and others using the old 
measures will be liable to fines of up to 
50,000 yen ($138.89). 


* & 


The Atomic Energy Commission has 
invited United States architect—engi- 
neering firms to submit proposals for 
studies on a heavy water moderated 
power reactor capable of operating on 
natural uranium fuel. The design stud- 
ies, to be made on a cost-plus-fixed-fee 
basis, will supplement developmental 
work already in progress. Proposals must 
be received by the commission by 29 
September 1958 and may be submitted 
by an individual organization or by 
groups of organizations. For information, 
write to: Director of Reactor Develop- 
ment, U.S. Atomic Energy Commission, 
Washington 25, D.C. 
* & 

The centennial of the publication of 
Rudolph Virchow’s Cellular Pathology 
is being celebrated throughout 1958 by 
the Armed Forces Institute of Pathology, 
Washington, D.C. The celebration pro- 
gram, which started in March with the 
first of a series of public lectures, is 
being concluded with five more lectures. 
The first will be delivered on 15 October 
by R. D. Lillie of the National Institute 
for Arthritis and Metabolic Diseases, and 
the last is scheduled for 17 December, 
when K. M. Brinkhous of the University 
of North Carolina School of Medicine 
will speak. 


Grants, Fellowships and Awards 


Arctic. The Arctic Institute of North 
America is offering field research sup- 
port in 1959 for scientific investigations 
dealing with the arctic and subarctic 
regions of North America. Applications 
are invited by those who have demon- 
strated their ability to conduct research 
work of superior quality in some field 
of science. Proposals will be considered 
in any field of arctic scientific research, 
but those in fields in which scientific 
knowledge is lacking are especially de- 
sired. Priority will be given to field in- 
vestigations. 

Facilities of the Arctic Research Labo- 
ratory at Barrow, Alaska, are available 


for a limited number of scientists for 
both summer and winter investigations. 
The facilities include both housing and 
equipment. Arrangements may be made 
at other places. 

Application forms may be obtained 
from the Arctic Institute of North 
America, 3485 University St., Montreal 
2, P.Q., Canada, or 1530 P St., NW, 
Washington 5, D.C. Completed applica- 
tions should be received before 15 Octo- 
ber. 

Fertility. The Lalor Foundation has 
announced the program of awards for 
1959 which it is offering to college and 
university faculty members for research 
in the biological sciences. These awards 
are to be for support of research on the 
fundamental biochemical and _ biophysi- 
cal mechanisms concerned with fertility 
and reproduction in various forms of 
life. The objectives are to work for more 
complete understanding of the basic 
phenomena involved and ultimately to- 
ward better possibilities for biological 
regulation and control. 

Grants may range up to $8000 per 
year and will be scaled in proportion to 
the scope and duration of the projects 
approved. Preference will be given to 
younger members of university and col- 
lege staffs with an upper age limit of 45 
years. The work may be carried out at 
the applicant’s own institution or else- 
where. 

The foundation will also grant post- 
doctoral summer or short-term research 
awards in the field described on projects 
which, for example, would be appro- 
priate to the Marine Biological Labora- 
tory at Woods Hole, Mass., or elsewhere. 
For these awards, the stipends will nor- 
mally not exceed $900 for a single man 
or a woman, $1100 for a married man 
working at his home institution, and 
$1250 for a married man with principal 
program at another institution. 

Applications and inquiries should be 
directed to the Lalor Foundation, 4400 
Lancaster Pike, Wilmington 5, Del. The 
deadline date for receipt of applications 
is 15 January 1959. 

General. The deadline for applications 
for National Science Foundation senior 
postdoctoral and science faculty fellow- 
ships is 15 October. Inasmuch as this is 
the first year during which these awards 
will be made annually rather than bi- 
annually, applications for awards for 
1959 must be submitted by the Octo- 
ber closing date. Application materials 
may be obtained from the Division of 
Scientific Personnel and Education, Na- 
tional Science Foundation, Washington 
20; DiC. 

Awards will be made in the mathe- 
matical, physical, and engineering sci- 
ences; medical and biological sciences, 
including anthropology and psychology 
(excluding clinical); and in selected so- 


cial science fields. Included as well are 
interdisciplinary fields which overlap two 
or more scientific disciplines. 

Candidates for senior postdoctoral 
fellowships must be United States citi- 
zens who. have held the doctoral degree 
for a minimum of 5 years or have 
equivalent education and experience. 
Under arrangements made by the Na- 
tional Academy of Sciences, candidates’ 
qualifications will be evaluated by care- 
fully chosen panels of scientists. Final 
selection of approximately 100 fellows 
will be made by the National Science 
Foundation, 

The science faculty fellowships are 
directed toward college teachers of sci- 
ence who wish to improve their com- 
petence as teachers. These fellowships 
are open to application by any United 
States citizen who holds a baccalaureate 
degree or its equivalent, has ability and 
special aptitude for science teaching and 
advanced training, and has taught at the 
collegiate level as a full-time faculty 
member for a minimum of 3 years and 
intends to continue teaching. Under ar- 
rangements made by the Association of 
American Colleges, applicants’ qualifi- 
cations will be evaluated by persons es- 
pecially competent to make judgments 
about the demonstrated and potential 
ability of the applicant as a teacher of 
science. Final selection of approximately 
300 fellows will be made by the Na- 
tional Science Foundation. 


Scientists in the News 


CARL FRIEDRICH FREIHERR 
VON WEIZSACKER, German physi- 
cist and philosopher, has received the 
Goethe Prize, high honor bestowed every 
3 years by the city of Frankfurt, Ger- 
many. In recent years Weizsicker has 
come to public attention because of his 
writings on life in the atomic age. In 
a series of articles entitled Leben mit 
der Atombombe he has analyzed basic 
problems of our day from the viewpoints 
of both the philosopher and the physi- 
cist. As he was awarded the Goethe 
Prize, Weizsicker was lauded for help- 
ing to bridge the gulf between the natu- 
ral sciences and the liberal arts. 


CHARLES M. SPOFFORD, bridge 
designer and professor emeritus at Mas- 
sachusetts Institute of Technology, will 
receive the Frank P. Brown Medal of 
the Franklin Institute on 15 October. 
He is being honored for: “The engi- 
neering, aesthetic and educational ac- 
complishments of his life work, exempli- 
fied in his prompt recognition, espousal 
and clarification of valid structural theo- 
ries; his design of many large and beau- 


' tiful bridges, and other prominent en- 


gineering works; his contributions to en- 
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gineering education through teaching 
and administration of an engineering 
educational department; and his author- 
ship of widely used textbooks.” 


JOHN J. LANDER, director of elec- 
trochemical research at the Delco— 
Remy Division of the General Motors 
Corporation, is the first recipient of the 
Research Award of the Battery Division 
of the Electrochemical Society. He is 
being honored for his pioneering work 
on the kinetics of the anodic corrosion 
of lead and specifically for his paper in 
the June 1951 issue of the society’s jour- 
nal entitled “Anodic Corrosion of Lead 
in Sulfuric Acid Solutions.” The award 
will be presented at the Battery Divi- 
sion’s luncheon to be held during the 
society meeting in Ottawa, 28 Septem- 
ber-—2 October. 


Major General HARRY G. ARM- 
STRONG, U.S. Air Force (MC), a 
pioneer in aviation and space medicine 
and former Surgeon General of the Air 


Force, has retired after almost 30 years’ 


of military service. In 1949, while he was 
commandant of the U.S. Air Force 
School of Aviation Medicine, Armstrong 
established the department of space 
medicine, the first laboratory of its kind. 


ALBERT ROSE, senior member of 
the technical staff, RCA Laboratories, 
Princeton, N.J., has been named recipi- 
ent of this year’s David Sarnoff Gold 
Medal Award by the Society of Motion 
Picture and Television Engineers. The 
award is being given to Rose for “basic 
contribution to the development of the 
Orthicon, Image Orthicon and Vidicon 
television pick-up tubes.” 


A. E. RHEINECK, research chem- 
ist and research supervisor for the 
Archer — Daniels— Midland Company, 
Minneapolis, Minn., has been appointed 
professor of chemistry in the School of 
Chemical Technology at North Dakota 
State College, where he will teach and 
conduct research in the area of protec- 
tive coatings. 


RHODA STASIAK, who formerly 
was in charge of the infrared spectros- 
copy laboratory of the American Vis- 
cose Corporation, has been appointed 
research associate in the analytical and 
physical chemistry division of the Squibb 
Institute for Medical Research at New 
Brunswick, N.J. 


LOUIS A. TURNER, director of the 
physics division at Argonne National 
Laboratory, has been named deputy di- 
rector of the laboratory. Turner will fill 
a position which has been vacant since 
Norman Hilberry, formerly deputy direc- 
tor, became director at Argonne-in 1957. 
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THOMAS H. BREM has been pro- 
moted to the chairmanship of the de- 
partment of medicine at the University 
of Southern California School of Medi- 
cine. The announcement follows the re- 
tirement of PAUL STARR, head of the 
department from 1948 to 1955 and co- 


head since then. Brem and Starr have 


shared the chairmanship for the past 3 
years, Brem being in charge of teaching 
and Starr in charge of research. Hence- 
forth, Brem will be responsible for both 
fields. 


The Foundation for Integrated Edu- 
cation, 246 E. 46 St., New York 17, is 
sponsoring a tour of this country by C. 
GATTEGNO, secretary of the Interna- 
tional Commission for the Study and 
Improvement of the Teaching of Math- 
ematics, a growing group drawn from 
principal European and British univer- 
sities and teacher’s organizations. Gat- 
tegno is co-developer of Cuisenaire— 
Gattegno teaching aids, materials and 
methods that were introduced on this 
continent last year—systematically in 
Canada, and in scattered centers in the 
United States. They have been in use in 
Europe and Great Britain and other 
countries for periods varying from 6 to 
25 years and are now employed in some 
20 countries. 

Gattegno is holding consultations with 
teachers and_ school administrators 
throughout the country. At present he is 
traveling in the states of Washington and 
Oregon. He will be in Washington, D.C., 
on 7 November. 


ROGER H. HILDEBRAND, associ- 
ate professor of physics at the University 
of Chicago’s Enrico Fermi Institute for 
Nuclear Studies, has been appointed as- 
sociate laboratory director for high 
energy physics at Argonne National 
Laboratory. 


Recent Deaths 


ASA C. CHANDLER, Houston, Tex.; 
67; internationally known specialist in 
tropical medicine and parasitology; re- 
tired in 1956 as chairman of the depart- 
ment of biology at Rice Institute; taught 
at Oregon State College from 1914 to 
1918; headed a research laboratory at 
the British School of Tropical Medicine 
in Calcutta from 1923 to 1927; author 
of textbooks; 23 Aug. 

CHARLES E. DECKER, Norman, 
Okla.; 89; research professor emeritus of 
paleontology of the University of Okla- 
homa School of Geology since 1944, had 
been a member of the faculty of the 
School of Geology since 1916; 23 Aug. 

NATHAN C. FOOT, Bronxville, 
N.Y.; 77; professor emeritus of surgical 
pathology of. Cornell University Medical 


College; professor of pathology at the 
University of Cincinnati College of 
Medicine from 1928 to 1932; member 
of the pathology staff at Harvard Medi- 
cal School from 1912 to 1922; 5 Sept. 

MAX GROTEWAHL, Kiel, Ger- 
many; 63; Arctic explorer who led sev- 
eral expeditions; founder and director 
of the Kiel Archive for Polar Research, 
one of the four major Arctic study cen- 
ters in the world; member of the Arctic 
Institute of North America and adviser 
of the American Polar Society in Wash- 
ington; 7 Sept. 

PASQUALE MARINA, Kearney, 
N.J.; 72; inventor and_self-educated 
mathematician; invented a special car- 
penter’s rule and a new logarithm table; 
4 Sept. 

LOUIS MONTGOMERY, Forest 
Hills, N.Y.; 62; psychoanalyst who stud- 
ied with the late Sigmund Freud; former 
director of the Association of Applied 
and Clinical Psychoanalysis; 2 Sept. 

RUDOLPH NORBERG, West Palm 
Beach, Fla.; 77; retired in 1949 as board 
chairman of the Electric Storage Battery 
Company of Philadelphia; co-developer 
of the Willard storage battery and of 
new types of batteries for cars, subma- 
rines, and airplanes; 6 Sept. 

GILBERT J. PALEN, Philadelphia, 
Pa.; 88; professor emeritus of otology at 
Hahnemann Medical College; 6 Sept. 

EDWARD HOLMAN RAYMOND, 
Litchfield, Conn.; 79; professor of oral 
pathology and bacteriology at Columbia 
University from 1920 to 1924; one of the 
first to use novocaine for local anesthe- 
sia in dentistry; 8 Sept. 

GUSTAVE T. REICH, Philadelphia, 
Pa.; 67; chemical engineer; consulting 
manager and director of the Federal 
Yeast Corporation, Baltimore, Md.; spe- 
cialist in alcohols; holder of 95 patents; 
17 Aug. 

ADOLPH STERN, New York, N.Y.; 
79; psychoanalyst at the Medical Arts 
Center; president of the New York Psy- 
choanalytic Institute; studied under Sig- 
mund Freud in Vienna, Austria, in 1922; 
22 Aug. 

MICHAEL J. TAKOS, Miami, Fla.; 
39; director of the research and special 
studies section of the Dade County 
Health Department; had taught biology 
at Emory University, Atlanta; 10 Sept. 

NORRIS W. VAUX, Philadelphia, 
Pa.; 76; professor of obstetrics at Jeffer- 
son Medical College, 1931-46; former 
director of obstetrics at Pennsylvania 
Hospital; Pennsylvania secretary of 
health, 1947; 19 Aug. 

GEORGE C. VEDOVA, Glen Ridge, 
N.J.; 64; chairman of the mathematics 
department of the Newark College of 
Engineering from 1947 to 1958; had 
taught at St. Johns College (Annapolis, 
Md.), the Virginia Polytechnic Insti- 
tute, and Haverford College; 5 Sept. 
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Aggression. John Paul Scott. University 
of Chicago Press, Chicago, 1958. xi+ 
149 pp. Illus. $3.75. 


This compact little book provides a 
good over-all view of what we know, to 
date, about the biological aspects of 
mammalian aggression. Scott’s many 
years of behavior research at the Roscoe 
B. Jackson Memorial Laboratory have 
given him a sure touch not only in de- 
scribing the actions of animals but in 
recognizing the relevant antecedents of 
even such complex forms of behavior as 
aggression. Written for the series “The 
Scientist’s Library—Biology and Medi- 
cine,” this book is technical at the knowl- 
edge level of biological and behavioral 
scientists but reports broad conclusions 
rather than the interim puzzlements, ex- 
citements, or arguments of those who 
are presently immersed in such research. 
It is eminently readable—delightfully so 
in many places—and the author has not 
hesitated to introduce thoughtful com- 
mentary on the social implications of 
his biological facts. The University of 
Chicago Press is to be commended for 
establishing this popular (among scien- 
tists) series and congratulated for hav- 
ing got such a skillful recounter to 
present this—for biology—difficult area 
of behavioral science. 

Scott defines aggression as the act of 
initiating a fighting attack. He describes 
the mechanics of the process by which 
animals learn to attack and to refrain 
from attacking and shows how the facts 
fit a starkly Pavlovian theoretical model. 
To psychologists, this will be the most 
interesting chapter in the book, for by 
avoiding the more customary definition 
of aggression (that given in terms of in- 
tent to injure), Scott has been able to 
conceptualize aggression as a simple 
operant act. If this procedure leaves 
something to be desired in the explana- 
tion of human aggression, it nonetheless 
orders well a significant body of obser- 
vations on the lower mammals. 
Successive chapters describe the physi- 
ology of aggressive behavior. The physio- 
logical chapter provides an updating of 
older theories (Cannon’s emergency and 
the James-Lange self-perception), with 
a brief and not-too-technical description 
of recent research. Scott concludes that 
aggression must be understood as an ex- 
ternally instigated reaction, depending 
for its duration and vigor on a complex 


Book Reviews 


feedback mechanism. This rejection of 
an instinct theory that implies sponta- 
neous internal instigation will doubtless 
satisfy biologically oriented psycholo- 
gists; it still bypasses the question of 
how spontaneous attacks are instigated 
in the absence of primary stimulus con- 
ditions. While the Pavlovian model can 
probably be expanded to account for 
such behavior, Scott has made no effort 
to examine the complexities of human 
aggression that have led psychoanalytic 
investigators to posit instinctual sources 
of some of this behavior. 

The book is at its best when it treats 
of the lower animals—their physiology 
and the effects of their environments. 
The casual disregard of extensive areas 
of research on human aggression, how- 
ever, leaves the problem of aggression, 
as such, only half covered. The book 
points up the apparent dilemma of 
current comparative psychology over 
whether to limit consideration of a be- 
havioral problem to its infrahuman 
manifestations—and thus maximize the 
importance of this research discipline— 
or to recognize man as an important 
object of comparative study—and_per- 
haps make an inquirer wonder why we 
should infer answers to practical human 
problems from mice, rather than seek 
the answers by direct investigation of 
man himself. Scott has chosen to em- 
phasize the lower mammals and _ has 
done a good job of it. However, since 
he has had to display, also, important 
species differences, even among breeds 
of dogs, one cannot but wonder how 
applicable his conclusions are for an 
understanding of human aggression. Per- 
haps this is to say no more than that 
Scott did what he set out to do so effec- 
tively that one only regrets he did not 
do twice as much. : 

Rosert R. SEARS 
Department of Psychology, 
Stanford University 


The Chemistry and Biology of Yeasts. A. 
H. Cook, Ed. Academic Press, New 
York, 1958. xii+ 763 pp. Illus. $22. 


In spite of the great progress that has 
been made in recent years on the whole 
frontier of yeast research, it is probably 
correct to say, as Winge and Roberts 
maintain in their excellent chapter, 


“Life history and cytology of yeasts,” 
that of all organisms yet investigated, 
none have caused more disagreement 
among cytologists than yeasts. Although 
the action of yeast has been known and 
used by man since time immemorial and 
the yeast organism was observed by 
Leeuwenhoek as far back as 1680, we 
must admit that the deeper we penetrate 
into the secrets of this organism that 
plays such an important role in human 
life, the more we become aware of great 
areas of physiological and biochemical 
realities that need further elucidation. 

Yeast research is presently a focal 
point of scientific activity, cutting across 
biophysics, biochemistry, ecology, cytol- 
ogy, genetics, technology, nutrition, 
physiology, and pathology; the subject 
can no longer be treated exhaustively 
and authoritatively by one single spe- 
cialist but requires the cooperation of 
numerous scientists, each an expert in 
his area of research, for presentation of 
a comprehensive and systematic and yet 
not too unwieldy assessment of the pres- 
ent status of this very broad, and yet in- 
adequately explored, field of knowledge, 
still in continuous flux. 

The great and difficult task of. co- 
ordinating numerous contributions from 
all frontiers of yeast research has been 
admirably accomplished by the editor, 
who is himself an eminent authority in 
yeast research. He has presented here 
the first comprehensive work to encom- 
pass in one volume a vast store of in- 
formation on all aspects of yeast re- 
search. 

While the book will be an invaluable 
reference work in the library of mycolo- 
gists and biochemists, it should also be- 
come an efficient tool in the hands of 
nutritionists, plant and animal patholo- 
gists, and such professional people as 
bakers, brewers, distillers, and food tech- 
nologists in general. However, it should 
also be read by advanced students of 
cytology, plant physiology, and genetics, 
whose well-established notions about liv- 
ing matter and life processes will be 
shaken in their foundations by many 
facts presented here that should become 
general knowledge in the field of life 
sciences. Space permits me to mention 
only a few outstanding items, 

We like to accept it as a basic fact of 
life that germ cells have half the number 
of chromosomes of somatic cells. We also 
know that yeasts reproduce both sexually 
and asexually and exist in either haploid 
or diploid phases. However, in contrast 
to generally accepted laws of reproduc- 
tion, vegetative growth of yeast can take 
place in the haploid and diploid phase 
as well as in a mixture of both, and what 
formerly were thought to be two distinct 
genera are actually only two phases of 


_ one and the same genus. 


Yeasts have definite sexuality, and 
whether or not sexual reproduction takes 
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place depends on the presence of cul- 
tures of opposite mating type and the 
action of a chemical substance which in- 
duces copulating processes. This sub- 
stance acts at a distance, and the result 
of this action could be observed even in 
a solid nutrient medium between sepa- 
rated colonies of yeast cells of opposite 
mating type. 

No less fascinating than the chapter 
on cytology is that on “Yeast genetics,” 
written by the same authors. The rapid 
vegetative growth of yeast in cultures 
and the possibility of isolating single 
cells or spores with the help of micro- 
manipulators and of carrying out arti- 
ficial hybridization experiments offer the 
geneticist many advantages he cannot 
find in other organisms. Thus it is un- 
derstandable that, from a genetic point 
of view, yeast is one of the most thor- 
oughly investigated of microorganisms. 
We know a large number of individual 
genes of which those inducing chemical 
specificity of action are of great theo- 
retical and practical importance; on the 
basis of linkage of these genes, chromo- 


some maps have been constructed; and’ 


the existence of inbreeding degeneration, 
hybrid vigor, and mutations have been 
demonstrated. But the most interesting 
and presently most active field of re- 
search is that of cytoplasmic inheritance, 
whose far-reaching implications in bio- 
logical theory and even in medicine, es- 
pecially in cancer research, have not yet 
been fully realized. 

The “Aspects of chemical composition 
of yeasts” are expertly covered by A. A. 
Eddy, while “Yeast growth” is ably dealt 
with by E. O. Morris from both the 
chemical and physiological point of 
view. Until recently it has been a com- 
mon assumption that yeasts are unable 
to assimilate atmospheric nitrogen, but 
now we have conclusive evidence that 
certain strains of Rhodotorula and at 
least one strain of Saccharomyces, when 
grown in a nitrogen-free medium but 
in an atmosphere containing isotopic 
nitrogen, are able to convert the latter 
into organic compounds of their cell sub- 
stance. However, if these facts are con- 
sidered only as of “mainly academic in- 
terest,” as the author indicates, a vigor- 
ous objection seems to be in order. In a 
world so short of protein and with yeast 
promising to play an ever-increasing part 
in protein supply for human beings and 
animals, the fact that certain yeast 
strains should be able to “fix” nitrogen 
from the air appears to be not only of 
great theoretical but of even greater 
practical significance. There is no reason 
why scientists should not be able to dis- 
cover, or by way of induced mutations 
be able to “breed,” organisms that will 
have a much greater nitrogen-fixing 
ability than those presently under con- 
sideration. 

Very readable and illuminating are 
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the contributions on “Fermentation and 
respiration,” by F. F. Nord and S. Weiss; 
on “Synthesis and degradation of carbo- 
hydrates,’ by W. E. Trevelyan; on 
“Nitrogen metabolism,” by G. Harris; 
on “Yeast technology,” by Magnus Pyke; 
on “Pathogenic yeasts,” by C, G. Ains- 
worth; on “Food spoilage,” by M. In- 


gram; and on “Flocculation,” by H. E.- 


Jansen. 

In summarizing I must say that this 
work, to which scientists from England, 
Holland, Denmark, and the United 
States have made such eminent contri- 
butions, is a model of international 
scientific cooperation and, thanks to the 
painstaking efforts of its editor, also of 
conciseness and unity of presentation. 
In both text and appearance it does 
honor to the publisher; it should be 
recommended as a first-class scientific 
standard work to all who take a prac- 
tical and theoretical interest in the agent 
of man’s oldest industry—fermentation. 

Francis JosepH WEIss 
Arlington, Virginia 


The Effects of Atomic Radiation on 
Oceanography and Fisheries. Report 
of the Committee on Effects of Atomic 
Radiation on Oceanography and Fish- 
eries of the National Academy of 
Sciences, Study of the Biological Ef- 
fects of Atomic Radiation. Publica- 
tion No, 551. National Academy of 
Sciences—National Research Council, 
Washington, D.C., 1957. vii+ 137 pp. 
$2. 


The material presented in this vol- 
ume is much wider in scope and interest 
than the title suggests. This comment 
should not be taken as meaning that the 
members of the Academy committee 
have evaded the issue presented to them. 
The issue of the biological effects of radi- 
ation is one that confronts all persons 
and governments, and the seeming ab- 
sence of authoritative information makes 
for the prevalence of contradictory 
opinions. While the gaps in knowledge 
are freely indicated in this report, the 
careful collation of relevant information 
enables the reader to learn that consid- 
erable and careful attention has been 
given to the problems which the use of 
atomic phenomena raises. 

In addition to an introduction on the 
importance of the ocean as a receptacle 
for radioactive materials, there are 13 
chapters, dealing with properties of 
atomic wastes, natural radiations received 
by organisms, disposal and dispersal of 
radioactive elements, effects of ecological 
relationships on transport and dispersal, 
effects of radiation on aquatic organ- 
isms, and isotopic techniques in chemi- 
cal and physical oceanography. Although 
each chapter is self-contained, there is 


extremely little repetition, and the fresh- 
ness in approach provides much stimulus 
to scientific thought. Despite the bias of 
the title towards the effects of atomic 
radiation, many fundamental fisheries. 
and oceanographical problems are 
brought forward and receive illuminat- 
ing attention. 

The most serious type of hazard likely 
to arise from the addition of radioactive 
wastes to the sea is that following the 
concentration of wastes by organisms 
used as human food. The increasing use 
of the sea as a source of food for the 
rapidly expanding world population en- 
hances the value of knowledge on this 
matter. As both the qualitative and 
quantitative natures of food chains dif- 
fer in the various parts of the world, 
local studies are necessary. The infor- 
mation arising from such studies is indis- 
pensable to programs of proper fisheries 
management, and this interrelationship 
once more emphasizes the importance to 
fisheries science of a close synthesis with 
oceanographical knowledge. Similarly, 
the problems of radioactive disposal de- 
mand from oceanography a knowledge 
of currents, wind effects, sedimentation 
processes, and so forth—all matters of 
theoretical and applied importance in 
their own right but matters which ask 
for more urgent attention in the stress 
of the present age. 

These questions and many others are 
critically considered throughout the re- 
port, and ingenious methods are sug- 
gested for their study. The collection of 
these stimulating and authoritative ar- 
ticles together in one volume is especially 
to be commended, as such reports are 
often buried in special publications is- 
sued in temporary form. It is hoped that 
the statement in the foreword that the 
study is a continuing one means that 
further volumes will appear. 

G. F. Humpurey 
Division of Fisheries and Oceanography, 
Commonwealth Scientific and 
Industrial Research Organization, 
Cronulla, Sydney, Australia 


Colorimetric Determination of Non- 
metals. David F. Boltz, Ed. Intersci- 
ence, New York, 1958 xii+372 pp. 
Illus. $8.50. 


This book is volume VIII of a series 
of monographs on chemical analysis. As 
such, it complements volume III, San- 
dell’s Colorimetric Determination of 
Traces of Metals. 

Under the editorship of David F. 
Boltz, 14 authors, including Boltz, have 
cooperated in writing the 11 chapters. 
The first of these chapters covers briefly 
the principles and practices of colorimet- 
ric and related photometric methods. 
The other ten cover methods believed to 
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be most suitable for the following ele- 
ments (or certain of their compounds) : 
phosphorus, silicon, nitrogen, chlorine, 
bromine, iodine, fluorine, sulfur, tel- 
lurium and selenium, and boron. In gen- 
eral, following an introduction, each 
chapter covers separation, methods of 
determination, and important specific 
applications. 

The list of supporting literature cited 
includes 718 references. A chemist in- 
formed about the literature would note 
that only two of the references cited ap- 
peared as late as 1957 and only six in 
1956, although the book did not appear 
until well into 1958. The following are 
possible explanations for this smail num- 
ber of late citations: (i) there has been 
no more recent work; (ii) if there has 
been, the methods have not been suffi- 
ciently tested to justify inclusion in the 
volume; and (iii) the inevitable time lag 
in publication prevented inclusion of late 
work. In evaluating the up-to-dateness, 
of course, an experienced worker will 
rely on the date of the latest references 
cited rather than on the date of the copy- 
right. 

Three notable nonmetals not included 
are carbon, hydrogen, and oxygen. I 
would have welcomed chapters on these 
important elements, especially on hydro- 
gen ions and simple inorganic com- 
pounds such as water, carbon monoxide, 
and carbon dioxide. Obviously, the 
wealth of organic compounds susceptible 
to colorimetric measurement could not 
be included. 

This book is « valuable reference corn- 
pilation for the elements covered and no 
doubt will be often cited, as Sandell’s 
companion volume has been. The meth- 
ods are carefully selected and concisely 
stated. Meticulous editing and_proof- 
reading have reduced inconsistencies and 
typographical errors to a minimum. 

M. G. MELLON 
Department of Chemistry, 

Purdue University 


Handbuch der Physik. vol. XXXIV, 
Corpuscles and Radiation in Matter, 
II. S. Fliigge, Ed. Springer, Berlin, 
1958. viii+ 316 pp. Dm. 78. 


This new volume of the Handbuch der 
Physik contains six more or less inde- 
pendent articles pertaining to the proc- 
esses involved in the slowing down and 
disappearance of particles and radiation 
in matter. The emphasis throughout is 
on the experimental results; theory is 
introduced only in order to show the 
agreement between theory and experi- 
ment. 

The first article, written by R. Kol- 
lath, is in two parts—the first on slow 
electrons and the second on slow ions. 
The discussion of electrons starts with a 


careful review of the experimental deter- 
minations, both as to methods and as to 
results. The comparison with theory that 
follows is restricted to angular distribu- 
tions, these being the most sensitive to 
test. The part concerning the passage of 
slow ions through gases starts with a dis- 
cussion of sources and proceeds to the 
experiments. The results are indicated 
in some detail, with major emphasis on 
the role of exchange and resonances. A 
short paragraph about negatively and 
multiply charged ions concludes the 
article. 

The second article, written by R. D. 
Birkhoff, treats the passage of fast elec- 
trons through matter. Summaries of the 
theories for various types of events are 
given and compared with the results of 
experiment. Free electron-electron and 
positron-electron collisions are discussed. 
This is followed by a section on stopping 
power for electrons, including density 
effect and Cerenkov radiation. Consider- 
able space is given to a treatment of col- 
lisions with the conduction plasma. The 
rest of the article treats the statistical 
behavior of electrons. Energy loss and 
straggling are well treated. This is fol- 
lowed by a thorough discussion of the 
theory and results in multiple scattering. 
The results of single nuclear scattering 
calculations by several authors are col- 
lected in convenient form. Finally, the 
effects of thick targets and associated 
range relations are presented. 

Positronium is the subject of the third 
article, written by L. Simons. The theo- 
retical results are presented in the first 
part. There follows a more or less his- 
torical discussion of the experiments on 
positronium, including quenching, spec- 
tra, angular correlations, and solid state 
aspects, which does very well in intro- 
ducing the reader to all but the most 
recent work. 

The fourth article, written by E. 
Merzbacher and H. W. Lewis, is on 
x-ray production and _ ionization by 
heavy ions. It starts with a theoretical 
discussion of some length. Experimental 
results are given and compared to the 
theory, particularly with respect to ion- 
ization. The article concludes with a 
short section on continuous radiation. 

Energy loss by heavy particles in the 
energy range below 10 Mev is treated 
by W. Whaling in the fifth article. The 
results in this region are mostly experi- 
mental. A very useful collection of re- 
sults has been assembled. Most of the 
values given are for protons and alpha 
particles, but a few results for heavier 
ions are included. I regret that the ar- 
ticle does not include results at higher 
energies, which occupy a position of 
major interest today. 

In the final article, R. D. Evans gives 
a comprehensive treatment of the Comp- 
ton effect. Starting with a historical back- 
ground, he discusses the early experi- 


ments and their later improved versions. 
The treatment is such as to point up the 
similarities and differences of the class- 
ical and quantum treatments. Formulas, 
graphs, and tables for various cross sec- 
tions are given, including some energy 
distributions useful in instrumentation. 
Following this is a summary of absorp- 
tion data for photons. The effect of elec- 
tron binding on the photon scattering is 
discussed, including Rayleigh scattering. 
Finally, there is a section on Compton 
scattering by magnetically oriented elec- 
trons, with an indication of the possi- 
bility for detecting circular polarization. 
Two general items disturbed me 
slightly. The termination date of the 
bibliographies was not always clear, and 
some of the graphs appear to be only 
of qualitative value. The articles do, 
however, supply good introductions to 
the various topics. 
WALTER ARON 
Department of Physics, 
University of Virginia 


Anatomist at Large. An autobiography 
and selected essays. George W. Corner. 
Basic Books, New York, 1958. v + 215 
pp. $4. 


George Corner presents a brief but 
poignant glimpse of his personal and 
professional life as introduction to ten 
selected essays and addresses from his 
pen. The autobiographical matter tells of 
family, and of boyhood and education in 
Baltimore. It tells of the young doctor's 
decision to follow a laboratory career 
and of the felicitous associations and cir- 
cumstances accompanying a productive 
life as a distinguished leader in investi- 
gations of the sex hormones. One could 
wish for more than 64 pages of auto- 
biography in this book of 215 pages. 
Readers would have welcomed inclusion 
of a photograph of the author. 

Arranged in chronological sequence, 
from student days to retirement, the sev- 
eral essays and addresses suggest a meas- 
ure of the wisdom and humanity of 
the author, Three essays, reflecting his 
scholarly interest in medical history, are 
followed by a look at the scientist in his 
workshop. In this account of his “quest 
for a hormone” one may discern the 
undercurrent of subdued excitement, the 
sense of urgency, and the aura of im- 
minent discovery that pervaded his labo- 
ratory. Such an atmosphere is heady 
wine, and it drew able and dedicated 
investigators to his side from across the 
world. 

The addresses offer sage advice and 
reflective comment on subjects ranging 
from the attributes of a good physician 
to a contemplation of the “incomprehen- 
sibles” that the thoughtful scientist can- 
not evade. Finally, there is consideration 


SCIENCE, VOL. 128 


of 
in 
tin 
ret 
tio 
We 
pe 
fel 
M 
At 
an 
al 
re 
th 
wi 
: a su 
st 
pr 
A 
by 
re 
H 
re 
U 
ti 
be 
io 
of 
se 
in 

n 
Sl 
tr 
cl 
al 
a 

a 710 


of the duty of the scientist as a leader 
in education, and of trends in this area. 
This is a very readable account of a 
full and satisfying career. It was a fit- 
ting compliment that Corner’s official 
retirement as director of the department 
of embryology of the Carnegie Institu- 
tion of Washington, in December 1955, 
was followed immediately by his ap- 
pointment as historian of the Rocke- 
feller Institute for Medical Research. 
Evsert B. 
Department of Anatomy, School of 
Medicine, Johns Hopkins University 


Atmospheric Explorations. Papers of the 
Benjamin Franklin Memorial Sympo- 
sium of the American Academy of Arts 
and Sciences. Henry G. Houghton, Ed. 
Technology Press of Massachusetts In- 
stitute of Technology and Wiley, New 
York; Chapman & Hall, London, 
1958, x + 125 pp. Illus. $6.50. 


The five scientists represented in this 


small book on atmospheric electricity © 


and the upper atmosphere are active 
along the “cutting edge” of atmospheric 
research. They know their subjects, and 
they believe that they have something 
worth while to say. These qualities in- 
sure a good technical book. 

Henry Houghton of Massachusetts In- 
stitute of Technology has edited papers 
presented at the Benjamin Franklin Me- 
morial Symposium of the American 
Academy of Arts and Sciences, in 1956, 
by Ross Gunn of the U.S. Weather Bu- 
reau, Joachim P. Kuettner of the Geo- 
physical Research Directorate, Leonard 
B. Loeb of the University of California, 
Harry Wexler of the U.S. Weather Bu- 
reau, and Henry G. Booker of Cornell 
University. 

Gunn reports that the charge distribu- 
tion on cloud droplets and on rain is to 
be explained by diffusion of atmospheric 
ions, and he presents the relevant quan- 
titative theory; he brings a simple and 
rational order to a problem which has 
often been discussed in a complex and 
confusing manner. Kuettner discusses 
some aspects of the problem of charge 
segregation in thunderstorms and _pre- 
sents his quantitative ideas about the 
crucial processes; this important prob- 
lem still appears to be characterized by 
interesting and puzzling data unsup- 
ported by a solid theoretical structure. 
Loeb, to whom chief credit is due for the 
explanation of the mechanism of light- 
ning, here gives further evidence of the 
similarity between lightning and the elec- 
tric spark. Wexler presents some of his 
current thinking on large-scale upper- 
atmosphere local temperature changes 
(he attributes them to adiabatic changes 
accompanying large-scale cyclonic sys- 
tems) and the question of upward or 
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downward propagation of large-scale 
disturbances (he favors upward propaga- 
tion but recognizes that downward prop- 
agation is conceivable). Booker describes 
nine phenomena associated with the scat- 
tering of radio waves by the ionosphere 
which are not easily explained. He sug- 
gests that atmospheric turbulence in the 


ionosphere may provide the key to their _ 


explanation but recognizes that no quan- 
titative theory exists. 

The scientific study of the atmosphere 
presents a number of trying difficulties; 
not the least of these is the fact that, 
whereas activity in recent years has been 
rather great, progress has been dispro- 
portionately small. The result has been 
that the good work tends to get lost in 
the abundance of indifferent work. Some 
of the most important problems today 
appear to be enmeshed in tangled chains 
of suppositions and in endless data which 
are never quite complete or quite accu- 
rate enough. It is in facing this situation 
and in trying to overcome it in a limited 
field that Atmospheric Explorations has 
made its most important contribution. 
Other books with similar objectives by 
equally eminent and capable scientists 
are needed to clarify and unify other of 
the most important atmospheric prob- 
lems. 

R. G. FLEAGLE 
Department of Meteorology and 
Climatology, University of Washington 


Admission Requirements of American 
Medical Colleges, Including Canada, 
1958-59. Compiled by Helen Hofer 
Gee and E. Shepley Nourse. Associa- 
tion of American Medical Colleges, 
Evanston, 1958. viii+ 227 pp. $2. 


This new edition of Admission Re- 
quirements of American Medical Col- 
leges contains the latest official informa- 
tion on premedical preparation in gen- 
eral and the requirements of each medi- 
cal school in the United States and 
Canada. 

Students seeking vocational guidance 
will find useful information on the spe- 
cific requirements and costs for each 
school. 


New Books 


Advances in Enzymology and Related 
Subjects. vol. XX. F. F. Nord, Ed. Inter- 
science, New York, 1958. 495 pp. $12.50. 

The Birds. Oskar Heinroth and Kath- 
arina Heinroth. Translated by Michael 
Cullen. University of Michigan Press, Ann 
Arbor, 1958 (published as Aus Dem 


Leben Der Vozgel, Springer, Berlin, ed. 2, 
1955). 181 pp. $5. 

A Century of Darwin. S. A. Barnett. 
Harvard Univ. Press, Cambridge, Mass., 
1958. 392 pp. $5.75. 


The Changing Face of New England. 
Betty Flanders Thomson. Macmillan, New 
York, 1958. 197 pp. $3.75. 

Ebb and Flow. The tides of earth, air, 
and water. Albert Defant. Translated by 
A. J. Pomerans. University of Michigan 
Press, Ann Arbor, 1958 (published as 
Ebbe und Flut des Meeres der Atmos- 
phare und der Erdfeste, Springer, Berlin, 
1953). 121 pp. $4. 

Elementary Statistical Physics. C. 
Kittel. Wiley, New York; Chapman & 
Hall, London, 1958. 238 pp. $8. 

The Exploration of Time. R. N. C. 
Bowen. Philosophical Library, New York, 
1958. 150 pp. $6. 

The Fertility of American Women. Wil- 
son H. Grabill, Clyde V. Kiser, Pascal K. 
Whelpton. Wiley, New York; Chapman 
& Hall, London, 1958. 464 pp. $9.50. 

Fluid Dynamics and Heat Transfer. 
James G. Knudsen and Donald L. Katz. 
McGraw-Hill, New York, 1958. 585 pp. 
$12.50. 

The Genetic Basis of Selection. I. Mi- 
chael Lerner. Wiley, New York; Chapman 
& Hall, London, 1958. 314 pp. $8. 

The Idea of Freedom. A dialectical ex- 
amination of the conceptions of freedom. 
Mortimer J. Adler. Doubleday, Garden 
City, N.Y., 1958. 716 pp. $7.50. 

Industrial Evolution of Columbus, 
Ohio. Bureau of Business Research 
Monogr. No. 93. Henry L. Hunker. Ohio 
State Univ. Press, Columbus, 1958. 285 
pp. $4. 

Influence of Temperature on Biological 
Systems. Incorporating papers presented 
at a symposium held at the University of 
Connecticut, Storrs, Connecticut, on 27- 
28 August 1956. Sponsored and published 
under the auspices of the Society of Gen- 
eral Physiologists, with the support of the 
National Institutes of Health. Frank H. 
Johnson, Ed. American Physiological So- 
ciety, Washington, 1957. 289 pp. 

The Infra-red Spectra of Complex 
Molecules. L. J. Bellamy. Methuen, Lon- 
don; Wiley, New York, 1958. 438 pp. $8. 

An Introduction to the Theory of Inte- 
gration. Adriaan C. Zaanen. North-Hol- 
land, Amsterdam; Interscience, New 
York, 1958. 263 pp. $7.25. 

Human Dissection. Its drama and 
struggle. A. M. Lassek. Thomas, Spring- 
field, Ill., 1958. 320 pp. $6.50. 

Konstitution und Vorkommen_ der 
organischen Pflanzenstoffe (exclusive Al- 
kaloide). Walter Karrer. Birkhauser, 
Basel, Switzerland, 1958. 1207 pp. F. 136. 

Looking at the Stars. Michael Ovenden. 
Philosophical Library, New, York, 1958. 
192 pp. $4.75. 

Metals and Enzyme Activity. Biochem- 
ical Society Symposium No. 15 held at 
the University of Leeds on 13 July 1956. 
E. M. Crook, Ed. Cambridge Univ. Press, 
New York, 1958. 102 pp. $3.75. 

Methods of Testing Chemicals on In- 
sects. vol. I. Harold H. Shepard. Burgess, 
Minneapolis, Minn., 1958. 356 pp. $5. 

The New Chemotherapy in Mental 
Illness. The history, pharmacology and 
clinical experiences with rauwolfia, pheno- 
thiazine, azacyclonol, mephenesin, hy- 
droxyzine and benactyzine preparations. 
Hirsch L. Gordon, Ed. Philosophical Li- 
brary, New York, 1958. 779 pp. $12. 
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Evidence for a Double 
Peripheral Pathway for Pain 


In a recent note (J) Jones reached 
the conclusion, after certain experimen- 
tal procedures for pain stimulation, that 
“the best evidence of all varieties points 
to double pain as an artifact.” She also 
indicated that she equates C-fiber pain 
with the second pain she could not dem- 
onstrate: “it seems difficult to believe 
that if there is a second, slower pain sys- 
tem leading to sensation, it would not 
appear. . . .” Since the author appar- 
ently misinterpreted our results (2) and 
also failed to note the significant point 
of the technique we employed, we take 
this occasion to amend her report. 

When a peripheral skin nerve is stimu- 
lated electrically either percutaneously or 
with an inserted electrode, the threshold 
response perceived is one of a tapping 
touch sensation projected in the distri- 
bution of the nerve stimulated. This sen- 
sation remains unchanged regardless of 
frequency of stimulation until the in- 
tensity is increased 3 to 5 times. At this 
point a pricking pain sensation is pro- 
duced by each shock, and the repetitive 
nature of the stimulus is perceptible at 
rates up to 30 per second (3). Compar- 
able experiments in animals where the 
nerve action potentials were recorded, 
and some experiments in man where the 
nerve was removed for action potential 
recording, have shown that the pain sen- 
sation correlates with the delta spike of 
the nerve action potential. Collins (4) 
has confirmed these findings by record- 
ing the nerve action potentials in situ in 
man. Moreover, differential procaine an- 
esthesia blocks pain and the small mye- 
linated fibers, sparing touch and the 
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large fibers (5). Thus fast pain is con- 
ducted by the small myelinated (delta) 
fibers of the A group. 

When the limb is compressed by a 
blood pressure cuff inflated to a pressure 
of 250 mm-Hg for 35 to 45 minutes, all 
touch and pricking pain resulting from 
the stimulation of the distal skin surface 
is abolished. A deep aching pain which 
is delayed and exaggerated compared 
with the normal extremity can still be 
elicited by strong electrical stimulation 
of skin or by firm pressure; delayed 
warmth and cold may also be produced 
by appropriate stimuli. Electrical stimu- 
lation of a nerve trunk peripheral to the 
block, at a strength far above that pre- 
viously required to induce touch and 
pricking pain, causes an obviously de- 
layed excruciating burning pain which 
fuses and summates at a rate of three to 
five per second. This sensation is quite 
different in character from any sensation 
resulting from stimulation in the normal 
skin or nerve at weaker strengths before 
block. It is similar to the sensation de- 
rived from electrically or mechanically 
stimulated periosteum, as in a bruised 
shin, Where such pain is due to inflam- 
mation, it can be differentially blocked 
by procaine when pricking (delta) pain 
is intact (2). Correlated experiments in 
animals where the nerve action poten- 
tials were recorded have shown the be- 
havioral response of pain when all but 
C-fiber afferents were blocked by pres- 
sure or electrical tetani (6). Thus slow 
pain is conducted by unmyelinated 
C-fibers. 

Two volleys of subjective pain from 
single-shock electrical stimulation of an 
unblocked peripheral nerve have not 
been reported. The strength of electrical 
shock necessary to activate C fibers is 
many fold supramaximal for the delta 
fibers in the nerve and produces repeti- 
tive action potential responses. Such in- 
tense stimulation has made introspective 
observations impossible for us. In any 
case Jones did not stimulate peripheral 
nerves, and it is not certain what she 
stimulated in the skin when she did not 
obtain double pain from electrical stim- 
ulation. 

We too reported that a biphasic sub- 
jective response to transient pain stimuli 
is often absent in normal subjects with- 
out nerve block. Our experiments with 
block show that two pain pathways exist, 


however seldom both can be identified 
introspectively when activated simul- 
taneously under normal conditions. Each 
of these pains can be induced separately; 
they are qualitatively different and have 
quantitatively different latencies. 

Jones’ -statement that we obtained 
“somewhat similar results” (to hers) fol- 
lowing immediately the categorical 
statement, “Double pain was not found 
with normal subjects under controlled 
conditions,” seems to indict either our 
experiments or our normality, besides 
being incorrect. As to her further state- 
ment that “the argument that a second 
pain system is suppressed by the faster 
system lacks evidence,” we can only in- 
vite her to repeat the experiment with 
block and thus differentiate between ar- 
gument and experiment. 

We have previously pointed out (2) 
that the assignment of sensory experi- 
ence to the results of stimulation of par- 
ticular nerve fibers in experiments with 
a differential block are valid when an 
absolute end point of the absence of one 
experience or another is used. Arbitrary 
end points (7) must correlate with in- 
complete block of populations of nerve 
fibers; thus the conditions of experi- 
ment necessarily obscure the correlation 
of loss of sensation with loss of a fiber 
group, since the sensory end point by 
definition occurs before all the nerve 
fibers in any group in question are 
blocked. The fact that anatomical tech- 
niques have been inadequate to disclose 
structural differences in nerve endings 
which correlate with modalities of sen- 
sation cannot disprove the physiological 
observations related to nerve fiber di- 
ameters, thresholds, and conduction 
rates. 

Recently Douglas and Ritchie (8) 
have shown that, in the cat, tactile 
stimulation produces afferent impulses 
in a faster subgroup of C fibers. If spe- 
cies differences are excluded from con- 
sideration, then the fact that no tactile 
sensation persists after block of myelin- 
ated fibers in man must indicate either 
that fast C fibers are blocked along with 
delta fibers or that the perception of 
pain requires activation of a critical 
amount of C-fiber afferent activity. In 
our experiments the cat saphenous C 
potential has been unchanged after com- 
pression block of A fibers; it would ob- 
viously be useful to know how pressure 
block affects Douglas and _ Ritchie’s 
preparation. 

While dealing with the functions of 
C fibers, we wish to add a statement that 
one of us was incorrect in implying that 
itch is a specific sequel to weak stimu- 
lation of delta fibers (9). Concurring 
with others (1/0) who have reported that 
C fibers are partly or entirely responsible 

for itch, we have found that the action 


of cowhage (itch powder) at the wrist 


persists after tourniquet block (35 to 40 
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minutes) of all touch and pricking pain. 
It was noted that itch can be relieved by 
scratching even when the scratching it- 
self cannot be felt. In one tabetic patient 
who lacks pricking pain and has exagger- 
ated delayed pain, cowhage produced 
itch also. Using Shelley and Arthur’s 
technique of implanting a small stimu- 
lating wire in the subepithelial layer of 
the skin, we find in the normal state a 
pricking itch, which becomes a most ex- 
quisite slowly summating “natural” itch 
after the block of large myelinated 
fibers. Shock intensity necessary to elicit 
itch increases up to several fold during 
pressure block. 

Whether the itch of subepithelial 
C-fiber stimulation and the burning pain 
produced by C-fiber stimulation in nerve 
trunks relate to different numbers, 
groups, or patterns of pain fibers, or to 
different methods of stimulation is not 
determined. It still seems probable that 
a component of itch sensation is medi- 
ated by delta fibers as previously in- 
ferred. 

In summary, we believe that it has 
been demonstrated that a second, long- 
latency pain is obtained after block of 
short-latency delta fiber pain. A similar 
sensation follows any painful stimulus in 
patients with tabes dorsalis who lack 
pricking pain, and the “protopathic 
pain” in the margin of denervated areas 
is of the same type. Differential blocks 
in these conditions, along with our own 
pressure block experiments, indicate that 
pain from C-fiber stimulation is en- 
hanced by the absence of the myelinated 
delta pathway. We conclude that the 
failure of ourselves and others consist- 
ently to demonstrate two pains from one 
stimulus to the skin surface is due to the 
inadequacy of this experimental proce- 
dure as a differential method (11). 

GerorcE H. BisHop 
WituiaM M. Lanpau 
Division of Neurology and 
Beaumont-May Institute of Neurology, 
Washington University School of 
Medicine, St. Louis, Missouri 
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Bishop and Landau obfuscate the sev- 
eral issues involved. The primary issue, 
and the one toward which my experi- 
mental investigation (1) was directed, is 
whether double pain sensations (aware- 
ness) from a single stimulus can be ob- 
served by a normal subject (the intact 
organism—neither tabetics nor amputees 


nor individuals with regenerating nerves, 


ischemic limbs, or nerve blocks) under 
properly controlled conditions of stimu- 
lation of cutaneous receptors, and at 
some psychophysically identifiable level 
of intensity. The reasons for concern with 
this issue are (i) descriptions of “double 
pain” as a normal sensory phenomenon 
are often encountered (2) and (ii) 
“double pain” is sometimes used as a 
measure of the effectiveness of a drug 
(3). In the first case, it is important for 
the scientific description and measure- 
ment of normal (nonpathological) sen- 
sation that the issue be clarified. In the 
second case, it is important in the evalua- 
tion of drugs that artifacts not be used 
as criteria of effectiveness. 

The evidence points to double pain 
as an artifact of method when the nor- 
mal organism (as defined above) is in- 
volved. Landau and Bishop, in spite of 
their present apparent disclaimer, did 
originally report (4) “somewhat similar 
results’—their experiment on eight nor- 
mal, “unprejudiced” subjects, with heat, 
electrical, and brief mechanical stimuli 
showed that only three “thought” they 
could recognize a second pain response. 
I do not indict their experiment, for we 
are given no information on which to 
do so. But I do indict their inadequate 
report of it, and also the implication that 
their subjects were given the suggestion 
that there might be a second pain. Their 
present statement that “a biphasic sub- 
jective response to transient pain stimuli 
is often absent in normal subjects . . .” 
is the point I wished to emphasize. With- 
out further information about stimulus 
control, instructions to the subject, or 
method, I cannot be sure whether the 
three subjects who “thought they could 
recognize” a second pain response were 
genuine positive cases or not. Since all 
the cases I have discovered—in normal 
subjects—can readily be explained by 
double stimulation, temporally or spa- 
tially, I must assume, evidence to the 
contrary lacking, that these can be so ex- 
plained also. It is certain that hand-held 
needles and hot objects are totally un- 


suitable as stimuli for the investigation © 


of this phenomenon. I am still of the 
opinion that the best evidence indicates 
that double pain as a normal sensory phe- 
nomenon is an artifact of method, for 
the reasons I originally set forth. 

The second question, of the existence 
of a second pain system, demonstrable 
under abnormal physiological conditions, 
is quite distinct from the first and is in- 
herently much more complex. Two of 


the basic issues ‘are the following. (i) 
What are the facts and what are the as- 
sumptions. (ii) How far can one trust 
data obtained from pathologically func- 
tioning tissues in interpreting normal 
function. 

The arguments for the existence of a 
second pain system stem most impor- 
tantly from the various nerve-block and 
ischemia experiments [since the reaction- 
time evidence must be rejected as uncon- 
trolled (5)}. I have already indicated 
(5) that I believe the nerve-block- 
ischemia data to be based upon patholo- 
gical tissue conditions, and as such they 
must be interpreted with caution. 

It is not easy to separate the facts 
from hypotheses or from experimental 
errors. I am willing to assume the fol- 
lowing as facts: 

1) After inflation of a sphygmomanom- 
eter cuff on a limb (which is partly pres- 
sure-block and partly ischemia, the 
balance of these and the nerve fibers 
affected varying with location and care 
in cuff application), reliable reports are 
obtained from human subjects that, 
after a period of time (variable), the 
sensory quality of pain evoked by noxi- 
ous stimuli applied to receptors changes 
from a well-localized ‘pricking’ pain to 
a diffuse, burning or aching pain with 
greatly increased affect, even without 
intensity (subjective) change. 

1A) Under the same conditions, the 
human subject reports a considerable 
delay in perception time. 

2) In recording of nerve potentials 
from animal preparations, noxious stim- 
uli evoke action potentials in small un- 
myelinated fibers called C-fibers. 

2A) In the same situation, compres- 
sion block of the nerve results in pro- 
gressive disappearance of action poten- 
tials, in general the larger, myelinated 
fibers succumbing first, the small un- 
myelinated fibers surviving longer. 

The connection between these two 
sets of data is hypothetical and is based 
on a number of assumptions, as well as 
on approximate temporal coincidence. 

Qualitative argument. The assumption 
is that, since pain changes in quality 
after interference with normal physio- 
logical functioning, a new set of fibers 
is required. It is clear that touch, 
warmth, and cold also/ show similar 
qualitative changes (6-8). Furthermore, 
in other situations in which pain is 
poorly localized (as in visceral pain) 
and where the number of fibers sub- 
serving an area is reduced (as in par- 
tially denervated areas), a similar dif- 
fuse, burning or aching pain is present. 
I would assume the qualitative change 
to be due to a change in the temporo- 
spatial afferent pattern, following a re- 
duction in number of active fibers, since 
there will, of course, be a distribution 
of survival times for the total population 
of the neurons in question. 
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Delay argument. The assumption is 
that, since perception of pain is delayed, 
a different set of neurons, with slower 
conduction times, is required. There is 
good evidence for a progressively in- 
creasing latency of action potentials in 
blocked nerves. Clark, Hughes, and 
Gasser (9) found slight slowing of con- 
duction rates apparent within 15 min- 
utes. Records of action potentials in the 
human ulnar nerve show progressive in- 
crease in latency after inflation of the 
pressure cuff (10). There was no discon- 
tinuity in the curve as would be expected 
if the composition of the group of active 
neurons had changed. Similar delays in 
perception occur in the other cutaneous 
senses also (6, 7). I would assume the 
perceptual delay to be due to the in- 
creasing latency of action potentials in 
neurons subjected to pathological con- 
ditions, and possibly also to synaptic de- 
lays occasioned by reduction in number 
of afferent impulses reaching the central 
nervous system. 

Reliability of ischemia-nerve block 
data. The assumption is that such data 
are reliable and give reliable indices of 
conduction times of fibers. It is clear 
that the results of such experiments on 
human subjects are variable. If a large 
number of subjects is used and if the re- 
sults are treated statistically (6, 7), the 
order of loss is seldom significant. Lan- 
dau and Bishop themselves (4) found 
procaine blocks to be “inconclusive” be- 
cause prick and deep pain disappeared 
together—that is, because the sensory re- 
sults did not bear out the results of 
action-potential studies. Whereas touch 
may usually fail before pain in compres- 
sion of a limb, the difference is not suffi- 
ciently dramatic to enable one to distin- 
guish between small delta fibers and C 
fibers. There is evidence that the survival 
time of fibers under compression block 
is influenced by factors other than con- 
duction rates. Frankenhauser (11), who 
dealt with touch fibers of different types, 
found that slowly adapting touch recep- 
tors in the rabbit were blocked later 
than hair touch fibers in spite of the fact 
that their conduction rates completely 
overlap those of the latter. He concluded 
that the fibers themselves have proper- 
ties which are not predictable from ob- 
servation of the impulses. In man, skin 
touch and hair touch also have different 
survival times (/2), and in some areas 
hair touch survives pain (6). 

There are some interesting results 
which suggest that the somatic sensory 
apparatus is much more complex than 
the current popular notions would have 
it. Between giving up all specificity, as 
Sinclair (13) does, and being bound to 
one or even two specific pain modali- 
ties, as Bishop and Landau are, one can 
conceive a rich patterning of general 
somatic sensation, with a large number 
of different sorts of receptors having dif- 


ferent functions and different response 
characteristics. Maruhashi, Mizuguchi, 
and Tasaki (14) found a great variety 
of types of afferent nerve fibers in the 
toad and cat. These varied not only in 
fiber size, but in type of discharge (tonic 
or phasic), size of receptive field, and 
type of stimulus most effective. I would 
assume that a given stimulus excites 
more than one kind of fiber; thus the 
perceptual pattern is normally a complex 
one, not only spatially and temporally, 
but also in the balance of fiber types ac- 
tivated. And a different stimulus, since 
it affects a dynamic organism, will have 
a different effect. 

My conclusions are as follows, (i) The 
exact function of the C-fibers is not 
known. These fibers respond to noxious 
stimuli but whether this results in aware- 
ness or merely feeds into either the 
reticular activating system or into an 
“affect” system is not certain. (ii) The 
peculiar quality and delay of pain sen- 
sations in nerve-block experiments are 
probably due to pathologically function- 
ing tissues. (iii) Somatic sensation is a 
vastly complex system. (iv) Second pain 
is certainly an artifact in normal human 
experience. 

Marcaret JONES 
Department of Psychology, 
University of California, Los Angeles 
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Tolerance to Cereal Leaf Rusts 


Resistance of crop varieties to plant 
rust fungi has been attained thus far 
mainly through utilization of the hyper- 
sensitive reaction wherein the host and 
parasite are mutually incompatible, re- 
sulting in localized necrosis of host tissue 
and in death or limited growth of the 
parasite. Such hypersensitivity, hereafter 
referred to as resistance, has afforded ex- 
cellent initial rust protection to new re- 
sistant varieties produced by plant breed- 
ers. However, when such resistant cereal 


varieties have been extensively, grown, 
new virulent varients (physiologic races) 
of the rust fungi have consistantly arisen 
to render these varieties fully susceptible 
in nature. Three genetically distinct hy- 
persensitive types of resistance to the 
crown-rust - fungus, Puccinia coronata 
Cda., have been transferred to exten- 
sively grown, commercial oat varieties 
in the United States. All such varieties, 
although providing high resistance to 
the initially occurring populations of the 
pathogen, have succumbed to attack by 
new physiologic races within a few years 
after they have been extensively grown. 
A similar fate has befallen oat and wheat 
varieties once resistant to prevalent races 
of stem rust, Puccinia graminis Pers. 
These experiences direct attention to the 
need for plant characters, other than re- 
sistance, whereby rust damage may be 
prevented or reduced. 

Tolerance, enabling a susceptible plant 
to endure severe attack by a rust fungus 
without sustaining severe losses in yield 
or quality, is such a character. Caldwell 
et al, (1) have shown that the yield of 
Fulhard wheat in Indiana is not affected 
by severe attack of the leaf-rust fungus, 
Puccinia recondita Rob. ex. Desm. ‘f. sp. 
tritici. This finding was supported by the 
report of Salmon and Laude (2) that the 
Fulhard variety was the highest yielding 
of 24 varieties studied over a period of 
years in Kansas, although it was one of 
the most severely attacked by leaf rust. 

Evidence that a high level of tolerance 
to the crown-rust fungus, P. coronata, 
exists in the Benton variety of oats was 
obtained in studies at Lafayette, Indiana, 
from 1955 to 1957. Two pairs of oat 
varieties were involved in these studies, 
each pair being nearly “isogenic” except 
that one member of each pair was highly 
resistant to crown rust while the other 
was highly susceptible. Pair No. 1 con- 
sisted of the varieties Clinton 59 and 
Clintland. They differed essentially by a 
genetic factor for resistance to crown rust 
which had been introduced into Clint- 
land by a cross of Clinton 59 x Land- 
hafer, followed by three backcrosses to 
Clinton 59, Pair No. 2 consisted of the 
varieties Benton and Bentland that also 
differed mainly by the same genetic fac- 
tor for resistance which had been intro- 
duced into Bentland by a cross of Ben- 
ton x Landhafer, followed by six back- 
crosses to Benton. 

There is little difference between the 
members of these pairs of varieties in 
appearance or in yield and quality of 
grain, when grown in the absence of 
crown rust, as was shown by 16 repli- 
cated field-plot trials conducted in In- 
diana from 1954 to 1956 by Newman 
et al. (3). Crown rust was absent in 15 
of these trials and occurred as only a 
trace in one. The mean yields and bushel 
weights of the two pairs of varieties for 
this period, obtained under crown-rust- 
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Table 1. Comparative grain yields of crown rust susceptible (nontolerant), susceptible 
(tolerant), and resistant oat varieties. Reactions to crown rust: Clinton 59, susceptible, 
nontolerant; Clintland, resistant ; Benton, susceptible, tolerant; Bentland, resistant. 


Crown rust free 


Exposed to severe crown-rust attack 


(Av. yield 
Variety 1954-56* ) 1955 1956 1957 
bu/acre Diff. (%) bu/acre Diff. (%) bu/acre Diff. (%)bu/acre Diff. (%) 

“Tsogenic” pair No. 1 

Clinton 59 69.3 109.1 86.8 43.3 

Clintand 72.1 1375 916 ~286 
“TIsogenic” pair No. 2 

Benton 64.3 91.9 100.5 74:0 

Bentland 63.4 ‘4 972 +54 i975 ~ 65 g5g —138 

L.S.D. (5%) 2A 21.4 10.1 16.6 


* Average of 16 replicated tests. 


Table 2. Comparative test weights of crown rust susceptible (nontolerant), susceptible 
(tolerant), and resistant oat varieties. Reactions to crown rust: Clinton 59, susceptible, 
nontolerant ; Clintland, resistant; Benton, susceptible, tolerant ; Bentland, resistant. 


Crown rust free 


Exposed to severe crown-rust attack 


Av. 1954-56* 


Variety 1955 1956. 1957 
lb/bu Diff. (%) lb/bu Diff.(%) \b/bu Diff. (%) lb/bu Diff. (%) 
Not 
“Tsogenic” pair No. 2 


32.7 


* Average of 16 replicated tests. 


free conditions, are presented in Tables 
1 and 2 for comparison with their per- 
formance under crown-rust epidemics. 

The same two pairs of varieties were 
exposed by us to severe, artificially in- 
duced, crown-rust epidemics in nursery- 
row performance trials in 1955, 1956, 
and 1957. The trials consisted of ran- 
domized, quadruplicate plots of each 
variety. Each plot consisted of four rows, 
7.5 feet long, spaced 1 foot apart from 
which the center two rows were har- 
vested for yield and bushel weight deter- 
minations. Mixed populations of physio- 
logic races of crown rust that were highly 
virulent to Clinton 59 and Benton but 
avirulent to Clintland and Bentland were 
used in creating the crown-rust epidem- 
ics. The crown-rust infection reached 
100 percent (maximum possible inten- 
sity) on the susceptible Benton and Clin- 
ton 59 in all three years, ultimately de- 
stroying all foliage, but in 1957 reached 
maximum proportions at an earlier stage 
of host development. In contrast, only a 
trace of crown rust developed on the re- 
sistant Bentland and Clintland. 

Data on performance under rust at- 
tack are reported in Tables 1 and 2. In 
1955 and 1956 the losses in yield, and 
in quality as measured by bushel weight, 
of the susceptible but tolerant variety 
Benton were nil or small as deduced 
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from comparison with its resistant coun- 
terpart, Bentland. In contrast, the losses 
to the susceptible and nontolerant Clin- 
ton 59 were severe as deduced from com- 
parison with its resistant counterpart, 
Clintland. Under the extremely severe 
epidemic of 1957 the same type of com- 
parisons showed a yield loss of only 13.8 
percent for Benton versus a 54.0 percent 
loss for Clinton 59. Likewise, the bushel 
weight of Benton was reduced 21.9 per- 
cent while that of Clinton 59 was re- 
duced 30.5 percent. 

Another measure of the tolerance of 
Benton is gained by direct comparison 
of its yield and quality with that of Clin- 
ton 59 (Tables 1 and 2). Both varieties 
appear to be completely susceptible to 
crown rust. Clinton 59 was significantly 
the higher yielding of the two in the ab- 
sence of crown rust; yet under severe 
epidemics Benton gave much the higher 
yields in two out of the three years it was 
tested. 

Since the crown-rust attacks on Ben- 
ton and Clinton 59 appear to be equally 
massive, it is apparent that damage to 
functions and structures affecting yield 
and grain quality was much more severe 
in the variety Clinton 59 than in Benton. 
The losses of grain in Benton attribut- 
able to crown rust were not significant at 
the 5-percent level, while losses to Clin- 


ton 59 were significant. This perform- 
ance would indicate a true tolerance of 
a high order in the susceptible variety 
Benton. 

The tolerance exhibited by Benton ~ 
should not be confused with intermedi- 
ate degrees of rust resistance which have 
been erroneously referred to as tolerance 
despite the fact that they involve a de- 
gree of hypersensitivity. Varieties of such 
intermediate resistance, like those hav- 
ing more complete resistance, are also 
subject to “loss” of resistance in the 
presence of new races. This has been 
shown by experience with several oat 
varieties including Mo. 0-205 and New- 
ton when subjected to race 216 of crown 
rust. 

Theoretically, tolerance should be 
more stable than hypersensitivity-in- 
duced resistance. Should a physiologic 
race of the pathogen arise to which a 
previously tolerant variety would be non- 
tolerant, the outcome would be a greater 
injury to the host with no consequent 
increase in the relative rate of prolifer- 
ation of the newly arisen race as com- 
pared with that of the established races 
toward which tolerance is exhibited. 
This would provide no screening mecha- 
nism whereby the new race might gain 
an advantage over the established races 
and thereby replace them. This situation 
would be in marked contrast to the 
known competitive advantage gained by 
a new virulent race that can successfully 
parasitize a variety that is hypersensitive 
(resistant) to the prevalent ra-zes. 

The heritability of tolerance to either 
oat crown rust or wheat leaf rust has not 
been investigated. Such studies have been 
initiated, and the possibility of introduc- 
ing true tolerance into varieties of su- 
perior type, quality and yielding ability 
will be explored (4). 

M. 
Joun F. Scuarer 
Department of Botany and Plant 
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Lafayette, Indiana 
Leroy E. Compton 
Crops Research Division, U.S. 
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Frep L. Patrerson 
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A Climatic Record from 
Searles Lake, California 


Abstract. Data concerning past cli- 
matic conditions in arid California have 
been presented. Palynological and geo- 
logical evidence points to the existence 
of past cooler moister climates and to cli- 
matic fluctuations. These have been ten- 
tatively correlated with late Pleistocene 
events in glaciated North America. The 
existence of a rather extensive woodland 
community at times of more favorable 
moisture conditions seems to be indi- 
cated. 

The presence of dry lake basins in 
arid regions is strong evidence of a 
former rainfall/evaporation ratio much 
higher than at present (1). The sedi- 
mentary column in such basins should 
record this sequence both by inorganic 
and organic evidence, notably by changes 


SEARLES LAKE, CALIFORNIA 
xX-10 AMERICAN POTASH & CHEMICA 
SUM OF POLLEN GLACIAL 
2 Woodland Shrubs + Herbs EVENTS ge 
THERMAL 
MAXIMUM 
| 
\ ° 
< 
” 
VALDERS ? 
TwO CREEKS? 


WISCONSIN 
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Fig. 1. Pollen diagram from Searles Lake, 
Celifornia. Depth in feet at left. Note 
change in scale at 90-foot level. All pol- 
len percentages are measured from left 
(0 percent) of pollen diagram. Sediments 
generalized at right: 0 to 91.6 feet, salt 
body with thin layers of mud; 91.6 to 
104.4 feet, parting mud. NAP maximum 
at 93 feet represents dry conditions dur- 
ing Two Creeks interstadial. Juniper 
maximum at 97 feet probably represents 
maximum precipitation/evaporation ratio 
for this basin, and should be correlative 
with the moisture peak of the Wisconsin 
maximum. 
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in the content of fossil pollen derived 
from adjacent vegetation. 

The most reasonable explanation of 
more humid conditions in the past is that 
they were associated with times of con- 
tinental glaciation when precipitation 
was greater and temperature lower than 
is now the case. The analysis of sediment 
cores from such lakes is therefore of 
special interest to students of Pleisto- 
cene geology, climate, and vegetation. 

The sediments in the basin of Searles 
Lake in the Mojave Desert of California 
are heavily saline as a result of intense 
and prolonged evaporation. Cores taken 
at site X-10 near the middle of the lake 
show an organic layer (parting mud) 
from about 104 to about 92 feet, while 
the upper 92 feet of deposit consists of 
saline material. This suggests that the 
organic layer is correlative with the 
most recent pluvial climate and that the 
salt above it is correlative with subse- 
quent drier and warmer conditions (2). 

Carbon-14 dating of the span of time 
represented by the organic deposit will, 
when available, confirm or discount this 
suggestion. Meanwhile the pollen analy- 
sis of the present core seems to exclude 
any other hypothesis (Fig. 1). Wood- 
land species, save for one interesting 
fluctuation to be mentioned, are more 
numerous in the organic layer than above 
it, while the reverse is true of desert 
plants (shrubs and herbs). 

Communities of woodland genera, es- 
sentially Pinus and Juniperus, do not, 
with one slight exception, now occur 
nearer the site than a distance of some 
30 miles and an altitude of about 5000 
feet. The core site is at altitude 1616 
feet. The reasonable assumption is that 
vegetation zones have migrated up or 
down, away from or toward the basin, 
in response to appropriate climatic 
changes. 

Details are reserved for later publica- 
tion. Meanwhile attention is called to 
the woodland maximum just below 97 
feet as indicative of a maximum pre- 
cipitation/evaporation ratio. Further, a 
sharp decrease in this ratio is indicated 
above 94 feet, with a subsequent brief 
return to moister conditions. The posi- 
tion and character of this episode are 
exactly what should be expected if the 
episode were correlative with the Two 
Creeks interval of glacial retreat in the 
Great Lakes region, followed by an ice 
readvance. It further deserves notice 
that the Compositae, now represented by 
various shrubby species, reach a high 
level only in the upper saline deposit. A 
shift towards more intensified arid con- 
ditions above the 55-foot level is evi- 
denced by a decrease in the percentage 
of Artemisia (sagebrush) and the domi- 
nance of chenopods (3, 4). 

RoosMA 
Sloan-Kettering Institute for 
Cancer Research, New York 
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Saturation Curves of Orthorhombic 
Sulfur in the System 
S-Na.S-H.O at 25° and 50°C 


As a part of an investigation of the 
physicochemical processes involved in 
the origin of mercury ore deposits and 
associated sulfur deposits (1), we have 
determined at 25° and 50°C the satura- 
tion curves of orthorhombic sulfur in the 
concentration range from 100 percent 
H,O to 80 percent H,O. Previous work 
by Kuster and Heberlein (2) demon- 
strated that in Na,S solutions there is a 
marked increase of solubility of sulfur 
with increasing concentration of Na,S. 
Kuster and Heberlein, however, did not 
make a complete determination of the 
equilibrium relations since they did not 
determine the final equilibrium concen- 
trations of Na,S. They allowed sulfur to 
react with Na,S solutions of known in- 
itial concentration until the solutions 
were saturated and then determined the 
equilibrium concentration of S_ in 
grams per cubic centimeter. Their data 
therefore do not rake possible the deter- 
mination of the exact position of the 
saturation curve in a triangular equilib- 
rium diagram. 

Baker reagent-grade powdered ortho- 
rhombic sulfur (99.95 percent) was used 
for all the solubility experiments. “Baker 
Analyzed” reagent-grade Na,S-9H,O 
was rinsed with distilled water, and clear 
colorless material was set aside for use. 
Distilled water used to make up the 
experimental mixtures was boiled for 
at least 10 minutes to remove oxygen. 
The experimental samples were pre- 
pared by mixing orthorhombic sulfur, 
Na,S - 9H,O, and boiled distilled water 
in Teflon (tetrafluorethane) bottles un- 
der an oxygen-free nitrogen atmosphere. 

The Teflon bottles containing fine- 


grained orthorhombic sulfur and solu- 


tions of Na,S were rotated in constant 
temperature baths at 25.00° (+0.02°) 
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and 50.00°C (+0.02°) for periods of 3 
days to several weeks. The Na,S and S 
contents of solutions allowed to react 
with orthorhombic sulfur for 3 days 
agreed with the Na,S and S contents of 
solutions allowed to react for 3 weeks 
and longer, indicating that equilibrium 
was closely approximated. As a further 
check that equilibrium between the solid 
and liquid phases had been obtained, 
solutions initially supersaturated with 
sulfur were allowed to react for periods 
of 3 days to a week. The determined 
final concentration of sulfur in the solu- 
tions originally supersaturated with S 
agreed within +0.01 percent with the 
sulfur concentrations of originally under- 
saturated solutions that were allowed to 
react for the same lengths of time. The 
microscope and x-ray diffractometer 
were used to identify the solid phase 
(orthorhombic sulfur) that was in equi- 
librium with the saturated solutions. 
The saturated solutions were analyzed 
by a modification of a procedure of 
Dickson and Tunell (3) which involves 
the use of H,O, to oxidize S-- ion to 


SO,-- ion. In preparation for analysis 


the saturated solutions were filtered 
through a fritted glass filter to remove 
suspended solid sulfur and placed in a 
weight buret which was then allowed to 
come to room temperature. The filtered 
sample was divided into two portions, 
one to be analyzed for Na in the form 
of Na,SO,, and the other to be analyzed 
for total S in the form of BaSO,. The 


20% 
80% H,0 


samples were diluted with concentrated 
NH,OH. Five percent H,O, was added 
to oxidize the dissolved S and S-~ ion to 
SO,-- ion. The role of the NH,OH was 
to prevent precipitation of sulfur when 
the H,O, was added. One sample was 
analyzed for Na by weighing as Na,SO,, 
and the Na,S concentration was calcu- 
lated in weight percent. The other sam- 
ple was analyzed for total S by weighing 
as BaSO,. From the total S content was 
subtracted the calculated amount of sul- 
fur contributed by Na,S to obtain the 
saturation concentration of sulfur in 
weight percent. Water percentages were 
determined by difference. Table 1 pre- 
sents the experimental data. 

Portions of the saturation curves 
of orthorhombic sulfur in the system 
S-Na,S-H,O at 25° and 50°C are shown 
in Fig. 1. The compositions of analyzed 
saturated solutions are represented by 
points within circles for 25°C, and points 
within triangles for 50°C. 

On the scale of Fig. 1 the data for the 
25°C saturation curve appear to fall 
along a straight line. However, if the 
data are plotted on a larger scale, a 
slight convexity toward the unsaturated 
solution field is evident. The convexity 
indicates that the ratio of dissolved S to 
total Na,S decreases with decreasing con- 
centration of Na,S. Therefore, diluting 
a saturated solution at 25°C tends to 
cause sulfur to precipitate, and evaporat- 
ing a saturated solution at 25°C in con- 
tact with sulfur tends to cause more sul- 


Saturated Solution 
. Plus Sulfur 


2800°C (+ 


Li Solution 
H,O 


100% 


20% 
80% H,0 


Fig. 1. Saturation curves of orthorhombic sulfur in the system S-Na2S-H2O at 25° and 
50°C. The compositions of analyzed saturated solutions are represented by points within 
circles for 25°C, and by points within triangles for 50°C. 
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Table 1. Solubility of sulfur in sodium sul- 
fide solutions (percentage by weight). 


H:O (by 
difference) 
At 25.00°C (+0.02°) 
0.86 133. 
1.38 2.11 96.51 
1.97 3.03 95.00 
1.98 3.05 94.97 
3.19 4.98 91.83 
3.51 5.45 91.04 
4.17 6.45 89.38 
7.42 11.48 81.10 
At 50.00°C (+ 0.02°C) 
0.63 1.15 98.22 
0.71 1.30 97.99 
1.56 2.70 95.74 
2.64 4.39 92.97 
4.17 6.55 89.28 
6.00 8.94 85.06 
6.41 9.47 84.12 


fur to dissolve. However, because the 
saturation curve is nearly a straight line, 
the amount of sulfur precipitated or dis- 
solved as a consequence of dilution or 
evaporation is small. 

The 50°C saturation curve is concave 
toward the unsaturated solution field, in- 
dicating that the ratio of dissolved S to 
total Na,S decreases with increasing con- 
centration of Na,S. The effect of dilut- 
ing or evaporating a saturated solution 
at 50°C is opposite to that of diluting or 
evaporating a saturated solution at 25°C. 
Dilution of a saturated solution at 50°C 
in contact with sulfur will allow more 
sulfur to dissolve; on the other hand, 
evaporation tends to cause sulfur to pre- 
cipitate. The stronger curvature of the 
50°C isotherm indicates that the effect 
on the amount of sulfur dissolved or 
precipitated as a consequence of dilu- 
tion or evaporation is greater than the 
effect of dilution or evaporation of satu- 
rated solutions at 25°C. 

Figure 1 shows that the temperature 
coefficient of solubility varies with the 
Na,S concentration. At concentrations 
of Na,S below about 5 percent the solu- 
bility of sulfur increases with increasing 
temperature; above 5 percent Na,S the 
solubility of sulfur decreases with in- 
creasing temperature. The maximum 
positive temperature coefficient of solu- 
bility is approximately 0.4 percent per 
degree centigrade at about 2 percent 
Na,S. 

The following reactions are probably 
involved in the heterogeneous and homo- 
geneous equilibria: 

+ H,O = HC’ + OH” 
HS- + H:O = H:S + OH- 
nS + S-- = (4) 
4S + 60H — + 2S" + 
_ The reversal of the sign of the tem- 
perature coefficient of solubility and the 
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different shapes of the curves imply that 
the effects of various reactions which 
compete for sulfur shift with changing 
temperature and Na,.S concentration. 

R. H. ArnTSON 
Department of Geology, 
University of California, Los Angeles 

F. W. Dickson 
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University of California, Riverside, 
and Institute of Geophysics, 
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Occurrence of Serotonin in a 
Hallucinogenic Mushroom 


Although some doubt has been cast re- 
cently upon the identification of teonan- 
acatl, the sacred fungus of the Aztecs, as 
a species of Panaeolus (1), members of 
this genus are well known for their hal- 
lucinogenic properties and remain as the 
classical examples of mushrooms produc- 
ing mycetismus cerebralis (2). 

A preliminary chromatographic sur- 
vey of a number of toxic mushrooms 
collected in western Washington (3) 
revealed the presence of several com- 
pounds in Panaeolus campanulatus (Fr.) 
Quélet (4) which gave, with Ehrlich’s 
reagent, color reactions characteristic of 
indole derivatives, Subsequent investiga- 
tion revealed that the most abundant 
of these compounds exhibited properties 
identical with those of serotonin (5-hy- 
droxytryptamine). Although this com- 
pound has previously been detected in 
animals (5) and higher plants (6), this 
is the first report of its occurrence in a 
fungus. Its dimethyl derivative, bufo- 
tenin, has been reported to exist in cer- 
tain species of Amanita (7). 

It should not be assumed that sero- 
tonin, per se, is the hallucinogenic prin- 
ciple in Panaeolus campanulatus since 
Waalkes et al. (6) have established that 
large (20 mg) oral doses of the com- 
pound do not produce physiologic effects 
in human beings. The presence of sero- 
tonin may be indicative of the presence 
of related indole compounds, possibly of 
the type recently isolated from Psilocybe 
mexicana Heim (8). This compound, 
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which has been named psilocybin, causes 
psychotropic effects in human _ beings 
following oral administration. 

One gram of the dried mushroom 
was extracted with 70 percent ethanol, 
the extract was concentrated in a vacuum 
at 45°C, and the residue was purified 
by partition between n-butanol and water 
essentially as described by Udenfriend 
et al, (5). The purified extract was con- 
centrated, and the entire quantity de- 
posited as a line on a sheet of Whatman 
No. 3 filter paper which was subjected 
to ascending formation with a wash 
liquid composed of n-propanol and 1N 
ammonia (5:1). The section of the 
sheet corresponding to serotonin was 
eluted with water, concentrated, and 
again purified by partition between 
n-butanol and water. 

The residue thus obtained was iden- 
tical chromatographically with serotonin 
(9) in four solvent systems: the n-pro- 
panol—ammonia system described above, 
n-butanol—acetic acid—water (4:1:5), 
n-butanol saturated with 1N_ hydro- 
chloric acid and methyl ethyl ketone— 
acetone—water (20:2:5). It gave reac- 
tions identical in all respects with sero- 
tonin with Ehrlich’s reagent, Pauley’s 
reagent, cinnamic aldehyde followed by 
hydrochloric acid, and with Jepson and 
Stevens’ reagent, the latter being highly 
specific for certain tryptamines (/0). 

The ultraviolet absorption spectrum of 
an aqueous solution of the compound at 
pH 5.4 had a minimum at 250 mn, a 
maximum at 275 mp, and a shoulder 
with a point of inflection at 300 mu. 
This is in good agreement with the ab- 
sorption characteristics previously re- 
ported for serotonin (//). From these 
data it was concluded that the com- 
pound obtained from Panaeolus cam- 
panulatus was serotonin. 

Varro E, Ty er, Jr. 
Drug Plant Laboratory, 
College of Pharmacy, 
University of Washington, Seattle 
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Passage of Bacteriophage 
Particles through Intact 
Skin of Mice 


It has long been known that two highly 
infectious species of bacteria, Pasteurella 
tularensis (1) and Brucella melitensis 
(2), can set up systemic infections in ex- 
perimental animals when suspensions of 
such organisms are placed in contact with 
the apparently normal skin of animals. 
Rickettsia producing Rocky Mountain 
spotted fever can infect guinea pigs 
through the unabraded skin (3). Since 
bacteriophage particles are within the 
size range of most animal viruses but do 
not undergo either specific adsorption or 
multiplication in sensitive host tissues and 
have the added advantage of being as- 
sayed by relatively easy and accurate 
techniques, they lend themselves admira- 
bly to studies on the physical interactions 
of viruses in animals. Recent results from 
this laboratory (4) present evidence that 
bacteriophage particles can pass rapidly 
through the gastrointestinal barrier and 
into the blood circulaticn of mice. In 
view of the afore-mentioned results, ex- 
periments were initiated to ascertain 
whether particles of the size of bacterio- 
phage could pass through the intact skin 
of mice. 

The phage strain utilized in this study 
was derived from Bacillus megatherium 
899a (lysogenic) and is the clear plaque 
mutant, strain C, as described by Gratia 
(5). The sensitive indicator strain Bacil- 
lus megatherium KM growing on a me- 
dium containing 2 percent Bacto Peptone 
was used for the production of phage 
stock suspensions, and assays were made 
by the pour plate method. Two different 
anatomical sites of adult white Swiss 
mice, strain C.F.W., Carworth Farms, 
were chosen as experimental areas— 
namely, the tail and the abdomen. These 
areas were not manipulated by any 
means such as depilation, shaving, or 
clipping of hair. In fact, great care was 
taken to choose only mice which by gross 
observation manifested normal and con- 
tinuous dermis in these areas. In order 
to minimize the obvious effect that mi- 
croscopic abrasions would have on these 
experiments, mice utilized in the tail ex- 
periments were isolated for 2 days prior 
to the experiments. 

The mice were anesthetized for the 
duration of each experiment by the in- 
traperitoneal administration of Penta- 
thal sodium. In the first set of experi- 
ments the tail of each mouse was exposed 
to the virus solution (approximately 
1x 101° phage/ml) by immersing it in 
a test tube to a level approximately 1 
inch from the body proper. The tail was 
allowed to stay in contact with the virus 
solution for 15 minutes. In the second set 
‘of experiments, which were concerned 
with passage of bacteriophage through 
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Fig. 1. Passage of B. megatherium bac- 
teriophage through the skin of white mice. 
Numbers of active phage particles recov- 
ered from the total blood circulation of 96 
mice. Thirty-two mice were tested at each 
time interval. 


the skin of the abdomen, the same tech- 
niques were followed with the exception 
that the Pentathal sodium was admin- 
istered by the subcutaneous route into 
the interscapular area of the mice in- 
stead of intraperitoneally. Two-tenths of 
a milliliter of the high-titer phage sus-, 
pension was applied to the fur of the 
abdomen and gently spread with the tip 
of the pipette to effect penetration 
through the fur and onto the skin. The 
phage-treated area was equal in size to 
that of a 2.0 cm circle. At indicated time 
intervals after the administration of the 
bacteriophage suspension, the chest area 
was thoroughly sterilized with iodine and 
alcohol, and 0.1-ml samples of blood 
were taken by cardiac puncture with a 
heparinized 1-ml syringe. Following this 
procedure, the mice were sacrificed. Full- 
strength and serial two-fold dilutions of 
such blood samples were then assayed 
for the presence of virus particles. Con- 
trol experiments on the accidental con- 
tamination of blood samples with phage 
were performed by placing 0.2 ml of the 
high-titer phage suspension on the chest 
area. After the routine sterilization pro- 
cedure, blood samples were taken by 
cardiac puncture. From these as well as 
from other normal control animals no 
phage particles were recovered. 

The recovery of active virus particles 
from the circulation of mice thus treated 
was quite irregular in both the number 
of positive recoveries and in the amount 
recoverable from the circulation of each 
mouse. There was essentially no differ- 
ence in the rate and quantities of recov- 
ery by the two experimental methods. 
Figure 1 cites the cumulative results of 
one series of such combined experiments. 
The quantity of phage particles per 0.1 
ml of sample has been converted by a 
factor of 20 and is cited for an average 
total blood volume of such mice of 2 ml. 
Thirty-two mice were sacrificed at each 
time interval. As can be seen, the num- 
ber of mice yielding recoverable virus 
particles decreases with time, for only 
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three mice yielded particles at 2 hours. 
These results suggest that this effect is 
possibly due to the immune mechanisms 
of the experimental animals. In this re- 
spect it is worth while to note that Van 
Vunakis et al. (6) have reported in vitro 
inactivation of Escherichia coli phage by 


normal mouse serum. The factor re-_ 


sponsible was shown to be the properdin 
system previously described by Pillemer 
(7). Sulkin and his associates (8) re- 
ported evidence for the in vivo inactiva- 
tion of Staphylococcus phage by the 
properdin system in rabbits. 

In this study great variations in the re- 
covery of active phage particles from the 
blood circulation were noted after intra- 
peritoneal inoculations into different 
strains of normal mice. It may be possi- 
ble that these variances were due to dif- 
ferences in titer of natural antibodies. 
Since current work is showing that the 
rate of arterial disappearance of this bac- 
terial virus from the circulation of dogs 
is very rapid (9), the actual number of 
particles which were able to pass the skin 
barrier is possibly of a larger magnitude. 

The size of the bacteriophage parti- 
cles used in this study has been deter- 
mined (1/0) to be 49 mu for the width 
of the head and 330 by 15 mu for the 
length and width of the tail. On the basis 
of the size of the head only, this particle 
then would be in the size range of the 
small animal viruses. 

It is hoped that this report will stimu- 
late reinvestigations of the possibility 
that virus infections may occur by pene- 
trations through the intact skin and of the 
effects that this rather exotic mode of 
transmission may have in the epidemiol- 
ogy and pathogenicity of virus infections 
of man (//). 

Ropert KELLER* 
Department of Microbiology, 
School of Medicine, 
University of Missouri, Columbia 
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Hemagglutinins in 
Uterine Secretions 


Two kinds of findings have led to the 
suggestion that the ABO blood group 
phenotypes may be subject to the action 
of natural selection. One line of investi- 
gation has purported to show that there 
is a relative deficiency of living children 
of blood type A among the offspring de- 
rived from the “incompatible” mating, 
mother type O, father A (see, for exam- 
ple, 1, 2). For a number of reasons con- 
siderable uncertainty exists concerning 
the existence and/or magnitude of this 
deficiency (3). The other line of investi- 
gation has suggested that in blood-group 
incompatible matings, the frequency of 
abortions is higher and the mean number 
of living children is lower than in com- 
patible matings (4). (An incompatible 
mating is defined as one in which the 
male possesses an antigen which is lack- 
ing in the female; in the ABO system, 
the male possesses an antigen for which 
his spouse has the corresponding anti- 
body. ) 

There are two possible mechanisms 
whereby selection due to the ABO blood 
groups may alter the number of children 
born with a given blood type. Many have 
assumed that immune antibodies pro- 
duced by the mother could damage the 
fetus and result in its loss (for example, 
1). Another possibility, which formed 
the starting point for this investigation 
(5), is that selection may be exercised 
during the preconception period on the 
spermatozoa themselves. These two 
mechanisms are, of course, not mutually 
exclusive. 

The postulate cf spermatozoal selec- 
tion involves one or more basic assump- 
tions. One is that human sperm possess 
the specific blood group antigens of the 
donor. Previous findings on this point 
(for example, 6) need to be reevaluated 
in light of the possible contamination of 
blood group substances in the seminal 
fluid. (Sperm from a nonsecreter donor 
would obviate such a possibility.) A 
second is that two antigenically different 
kinds of sperm are produced by a hetero- 
zygous AO male—that is, sperm bearing 
and sperm lacking A antigen. This anti- 
genic dimorphism in the sperm popula- 
tion of heterozygous males has not, to 
our knowledge, been demonstrated. A 
third assumption, aside from the cellu- 
lar antigens of the sperm, is that the 
presence of soluble blood group sub- 
stances in the seminal fluid may itself be 
the (or one of the) determining agent(s) 
in spermatozoal selection. 

If any of these assumptions is correct, 
then it becomes conceivable that there 
may be specific selection of sperm in the 
female reproductive tract, either by se- 
lective impedance of motility, complete 
inactivation, neutralization of a point of 
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attachment, or by some other, as yet un- 
known, mechanism. Such inactivation 
might also serve as a possible cause for 
infertility among otherwise physiologi- 
cally normal couples. 

The object of this study has been to 
determine whether or not the secretions 
of the uterine cervix contain hemagglu- 
tinins, as an initial step in an effort to 
work out the possible physiological basis 
for ABO selection. The impetus for the 
study stemmed from the feeling that the 
known facts regarding the consequences 
to the fetus of ABO isoimmunization 
(see 7) were not sufficient to account 
for the magnitude of selection effects 
postulated for ABO incompatible mat- 
ings. The detection, some 30 years ago, 
of hemagglutinin in the cervical fluid 
was apparently limited to the analysis of 
a single sample (8). 

All the women investigated in the 
course of this study were patients in the 
Out-Patient Gynecology Clinic of the 
University Hospital. Their reasons for 
the clinic visit were varied; only five 
were seen because of failure to conceive 
and in whom the cause of infertility was 
still unknown after careful study of the 
marital partners. The collection of cer- 
vical secretion depended only on whether 
or not a sample could be obtained from 
any particular woman. Blood for typing 
was obtained at the same time. All secre- 
tions were frozen soon after collection 
and all were tested within a period of 
5 days. 

The method of testing was as follows. 
To each tube containing the sample, 
which was usually quite small, was 
added 0.15 ml of saline. Because the 
quantity of secretion obtained varied 
from subject to subject, the dilution fac- 
tor is variable. The contents of the tube 
were then thoroughly agitated with an 
applicator, the tube was centrifuged, 
and the clear supernatant fluid was 
tested with fresh A,, B, and O red blood 
cells. All tests were performed in micro- 
tubes (6 by 50 mm) to which 0.01 ml 
of a 2 percent washed red blood cell sus- 
pension was added to 0.01 ml of the 
diluted secretion. The tests were allowed 
to stand for 1 hour at room temperature 
and were read macroscopically both be- 
fore and after centrifugation. 

The results are given in Table 1. Only 


lated by blood type of the donors. 


distinctly positive reactions are tabu- 
lated, although the inclusion of weak, 
ambiguous reactions would not have sub- 
stantially changed the magnitude of the 
difference presented in the table. Fif- 
teen of the 35 diluted secretions (42.8 
percent) of blood type O women con- 
tained antibody of the ABO system. Of 
30 type A and 5 type B women, two cer- 
vical secretions (5.7 percent) had de- 
tectable antibody. Hemagglutinins were 
not found in the secretions of seven type 
AB women, which is additional evidence 
for the ABO group specificity of these 
antibodies. Only one of the women with 
cervical hemagglutinins had been seen 
because of infertility. A comparison of 
the findings in type O women with those 
in types A and B by the exact treatment 
of a 2x2 table yielded the two-tailed 
probability of 0.0053 that they were 
drawn from the same population. The 
fact that the over-all percentage of O, 
A, and B women exhibiting detectable 
hemagglutinins was only 24.3 may be 
due in part to the degree of dilution 
necessary to bring the volume up to 0.15 
ml for scanty specimens, but this sugges- 
tion leaves unexplained the differences 
between A or B and O women. To some 
extent the latter differences may be due 
to the greater opportunity to detect 
agglutinins in O women, who have two 
agglutinins. Studies on undiluted secre- 
tions are in progress. 

These findings would appear to sup- 
port the possibility of gamete selection 
as a means of accounting for the distor- 
tions of the expected ratios in marriages 
of A fathers and O mothers, a possibil- 
ity which, after the completion of this 
study, was discovered to have been pro- 
posed by Matsunaga in 1953 (2). Al- 
though several further lines of investiga- 
tion readily present themselves, really 
critical data on this point may be diffi- 
cult to obtain. The observed departures 
from the Mendelian ratios could be pro- 
duced by a relatively slight impairment 
of sperm motility within women of the 
appropriate genotype, an impairment 
difficult to demonstrate with certainty. 
Inasmuch as the increased frequency of 
abortions in incompatible marriages 
seems securely established (2, 9), the 


present findings may indicate that the. 


departure from Mendelian ratios in the 


Table 1. Number of diluted uterine cervical secretions containing hemagglutinin, tabu- 


No. containing Toil nc. 


No. No.containing No. containing 
iad tested only anti-A only anti-B “as hemagglutinins 
A 30 0 2 0 2 
B 5 0 0 0 0 
AB 7 0 0 0 0 
O 35 4 2 9 15 
Totals kc 4 4 9 17 


children of A male x O female marriages 
has a complex background. 

Note added in proof: It has recently 
come to our attention that the demon- 
stration of antigenic dimorphism in the 
sperm of an AB male has been made by 
Gullbring (/0). This finding would 
seem to support the possibility of pre- 
conception selection by blood group an- 
tibody in the uterine secretions. 

H, GersHow1tz 
S. J. BEHRMAN 
J. V. 

Departments of Human Genetics and 
Obstetrics and Gynecology, University of 
Michigan Medical School, Ann Arbor 
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Concentration of Albumin in 
Renal Papilla 


Recent investigations (1) have focused 
attention on the renal papilla for its 
role in concentrating urine. Freezing- 
point determinations of papillary tissue 
have demonstrated a tissue osmolarity 
up to three times that of the blood or 
renal cortex, because of a high concen- 
tration of sodium, chloride, and urea. 
Completely unsuspected, however, is the 
observation reported in this note of the 
high albumin concentration in the mam- 
malian papilla. This may well bear an 
important relation to water transport in 
the papilla as part of the mechanism of 
concentrating urine. 

Fourteen normally hydrated, non- 
anemic dogs were anesthetized with 
pentobarbital sodium. About 500 uc of 
I181-labeled human serum albumin was 
injected systemically. The kidneys were 
exposed through an abdominal incision, 
and a loose tie was placed around the 
pedicle. In four dogs one kidney was 
ligated 3 minutes, the other kidney 60 
minutes, after the injection of the radio- 
active material. In the remaining ten 
dogs both kidneys were ligated simulta- 
neously after about 1 hour. The kidneys 
were removed and frozen in Dry Ice. 
Sections were cut on a band saw, and 
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pieces of the papilla were removed, 
placed in counting vials, and weighed. 
The tissue samples and 1 ml of arterial 
plasma obtained at the time of ligation 
were assayed for radioactivity in a well- 
type scintillation counter. The papillary 
concentration of labeled albumin was 
expressed relative to that of correspond- 
ing plasma from the following formula: 
Concentration of albumin = (I*%1 
counts per minute per gram of papilla) / 
(171 counts per minute per milliliter of 
plasma). 

The results are shown in Table 1. In 
about 1 hour the papillary [+81 albumin 
concentration corresponded to that of 
0.35 ml of plasma (+0.09 ml S.D.). In 
3 minutes the corresponding value aver- 
aged about 85 percent of the 60-minute 
value of the same animals. Autoradio- 
graphs taken from kidneys ligated at 3 
and 60 minutes were very similar and 


Fig. 1. (Top) Autoradiograph of a trans- 
verse slice of dog kidney obtained after 
the kidney was allowed to equilibrate for 
3 minutes with intravenously injected I™ 
human serum albumin. Note the concen- 
tration of albumin in the papilla. (Bot- 
tom) Autoradiograph of a transverse slice 
of dog kidney obtained after the kidney 
was allowed to equilibrate for 60 minutes 
with intravenously injected I human 
serum albumin. 
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showed a considerably higher concentra- 
tion of albumin in the renal papilla than 
in other anatomical regions of the kid- 
ney (Fig. 1). 

Urine samples collected from the 
bladder at the end of the experiment 
were hypertonic in all dogs and were 
found to be essentially free from radio- 
activity. The albumin used contained 
less than 2 percent of nonprotein bound 
radioactivity. Similar low values were 
found in filtered homogenates of papil- 
lary tissue. In four additional studies, 
labeled canine albumin was used instead 
of human albumin with the same result. 
The papillary concentrations of radio- 
activity were found to correspond to 
0.33, 0.33, 0.52, and 0.34 ml of plasma 
in these four dogs. All were studied 60 
mintes after injection of the radioactive 
material. 

These data indicate a large and rap- 
idly equilibrating pool of albumin in the 
renal papilla. Since complete equilibra- 
tion may not have been reached in 1 
hour, the values presented are minimal 
values for the papillary albumin con- 
centration. Thus it is to be concluded 
that 1 g of the renal papilla in the dog 
contains at least as much albumin as is 
contained in about 0.35 ml of plasma. 
Since dog plasma contains about 3 g of 
albumin per 100 ml, this would corre- 
spond to an absolute albumin concen- 
tration of about 1 percent (wt./vol.). 
If the albumin in this pool is assumed 
to exist in the same concentration as 
that of the blood plasma, the data would 
indicate an albumin space of at least 35 
percent of the volume of the papilla. 
This albumin pool is not paralleled by a 
large pool of erythrocytes. By direct ob- 
servation the papilla is usually quite 
pale. Actual measurements of the red 
cell concentration of papillary tissue by 
means of Cr®1-labeled red cells have 
shown that the red cell content of the 
papilla is about 4 percent of its vol- 
ume (2). 

Preliminary studies in this laboratory 
have indicated that I*%1-labeled human 
gamma globulin is incorporated more 
slowly than albumin into the renal 
papilla of dogs. This observation sug- 
gests that some portion of the papillary 
albumin is located extravascularly. In 
addition, the possibility of intravascular 
concentration of albumin above that of 
plasma must be considered. Since the 
papilla is exclusively perfused by post- 
glomerular blood, a moderate concentra- 
tion of intravascular papillary albumin 
to about one-third above that of plasma 
is to be expected. Histochemical obser- 
vations of the renal papilla of rats have 
suggested that an intravascularly located 
plasma protein-bound esterase is con- 
centrated several times above that of 
plasma (3). The very high values for 
the papillary albumin concentration 


Table 1. Albumin concentration in the 
renal papilla. In dogs 1, 2, 3, and 4 one 
kidney was removed 3 minutes after the 
injection of the radioactive albumin. The 
albumin concentrations in these papillae © 
corresponded to 0.23, 0.18, 0.23 and 0.32 
ml of plasma, respectively. This is about 
85 percent of the corresponding 60-minute 
value of the same animals. For dogs 5 to 
14 the values given in the table are the 
averages obtained from simultaneously 
ligated kidneys. 


Time Albumin 

concn. 

ligation 

(min) plasma 
1 60 0.29 
2 60 0.22 
a 60 0.31 
4 60 0.32 
5 40 . 0.29 
6 42 0.38 
7 61 0.38 
8 63 0.47 
9 64 0.37 
10 73 0.54 
11 73 0.45 
12 60 0.26 
13 60 0.22 
14 67 0.33 
Av. 0.35 
Standard deviation + .09 


found in this study are consistent with 
the hypothesis that the albumin in the 
papillary vessels is concentrated two or 
three times above that of plasma. If this 
hypothesis is correct, then water must 
have been removed from the plasma 
during its passage down into the papilla. 
This might be accomplished by means 
of the counter-current exchange of water 
in the vascular bundles of the renal 
medulla. An unusually high gradient of 
oncotic pressure may thus be main- 
tained in the papilla, favoring the rapid 
net transport of water from the inter- 
stitial spaces into the papillary blood 
vessels (4). 
A, LassEN 
James B. LoncLey 
Lawrence S, LILiENFIELD 
Department of Medicine, 
Georgetown University Medical Center, 
Washington, D.C. 
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Association Affairs 


Election of AAAS Officers 


The AAAS Committee on Nomina- 
tions has selected the following candi- 
dates for the offices of president-elect 
and members of the Board of Directors 
on the basis of a preliminary balloting 
of AAAS Council members: 


President-elect (one to be elected) 
Chauncey D. Leake 
Thomas Park 
William W. Rubey 


Members of the Board of Directors 
(two to be elected) 
Barry Commoner 
H. Bentley Glass 
Clyde K. Kluckhohn 
Margaret Mead 


The Board members whose terms ex- 
pire at the end of 1958 are Chauncey D. 
Leake and Margaret Mead. 

Council members will receive ballots 
for election by preferential mail vote by 
10 November. Election procedures estab- 
lished by the Council provide that ad- 
ditional candidates for any of the elec- 
tive offices may be nominated and 
included on the ballot by a_ petition 
signed by no fewer than 30 members of 
the Council and submitted to the execu- 
tive officer no later than 1 November. 
The results of the election will be 
announced on 27 December at the Asso- 
ciation’s 1958 annual meeting in Wash- 
ington, D.C. Biographical data concern- 
ing each of the candidates follow. 


Chauncey D. Leake 
722 


Chauncey D. Leake, 62 (pharmacol- 
ogy, physiology, history of science, health 
administration), Chemical Warfare 
Service, instructor in physiology, assist- 
ant professor of pharmacology, Univer- 
sity of Wisconsin, 1919-28; professor of 
pharmacology and of history of medi- 
cine, lecturer in human relations, libra- 
rian, University: of California Medical 
Center, San Francisco, 1928-42; council 
member, California Academy of Science, 
1936-42; director, professor of pharma- 
cology and of history and philosophy of 
medicine and public health, University 
of Texas Medical Branch, Galveston, 
1942-55; professor of pharmacology, as- 
sistant dean, Ohio State University, 
1955-; special award, International 
Anesthesia Research Society, 1928; presi- 
dent, History of Science Society, 1936- 
37; vice president, Society for Experi- 
mental Biology and Medicine, 1941-42; 
president, American Society for Phar- 
macology and Experimental Therapeu- 
tics, 1958; president, George Sarton 
Memorial Foundation, 1958; chairman, 
Section on Pharmacology, American 
Medical Association, 1934; president, 
Honorary Consultants Army Medical 
Library, 1946-47; consultant, U.S. De- 
partment of Defense, U.S. Public Health 
Service, Veterans Administration; chair- 
man, National Research Council Com- 
mittee on Problems of Alcohol, 1947-54; 
member, Committee on Cardiovascular 
Literature Project, 1957-58; founder 
and former editor of University of Cali- 


Thomas Park 


fornia Publications in Pharmacology and 
of Texas Reports on Biology and Medi- 
cine; editor, American Lectures in Phar- 
macology; associate editor, Isis, Journal 
of the History of Medicine, Excerpta 
Medica, Archives internationales de 
pharmacodynamie et de thérapie, and 
Geriatrics; member, board of trustees, 
Biological Abstracts, 1956-; visiting 
member, Institute for Advanced Study, 
1950, 1952, 1956; Logan Clendenning 
lecturer, University of Kansas, 1951; 
Wm. Snow Miller lecturer, University 
of Wisconsin, 1940, 1957; Josiah Trent 
lecturer, Duke University, 1956; Poyn- 
ter lecturer, University of Nebraska, 
1957. 

AAAS activities: vice president and 
chairman of Section L, 1942, 1954; dele- 
gate to the British Association for the 
Advancement of Science, 1953; member, 
Publications Committee, 1954—-; mem- 
ber, Board of Directors, 1955-58; chair- 
man, Committee on Social Aspects of 
Science, 1957-. 

Thomas Park, 50 (zoology, population 
ecology), National Research Council 
fellow, Johns Hopkins University, 1933- 
35; instructor in biology, Johns Hopkins 
University, 1935-36, associate, 1936-37; 
instructor in zoology, University of Chi- 
cago, 1937-39, assistant professor, 1939- 
42, associate professor, 1942-47, profes- 
sor, 1947-, associate dean, Division of 
Biological Sciences, 1943-46; Rockefel- 
ler Foundation fellow, Oxford Univer- 
sity, 1948; scientific attaché, American 
Embassy, London, 1949; president, Eco- 
logical Society of America, 1959; mem- 
ber, Environmental Biology Panel, Na- 
tional Science Foundation, 1956-58; 
member, policy committee, American 
Society of Zoologists, 1957-58; editor, 
Ecology, 1940-50; editor, Physiological 
Zoology, 1955-; editorial board, Quar- 
terly Review of Biology, 1938-; Ameri- 
can Naturalist, 1951-59; zoological ad- 
viser, Encyclopaedia Britannica, 1950-. 

AAAS activities: member, Board of 


William W. Rubey 
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Directors, 1954-; chairman, Publications 
Committee, 1955-; member, Newcomb 
Cleveland Prize Committee, 1956-58. 

William W. Rubey, 59 (geology), in- 
structor in geology, Yale University, 
1922-24; successively geologic aid to 
principal geologist, 1920-44, geologist in 
charge, division of areal geology and 
basic sciences, 1944-47, research geolo- 
gist since 1947, 1J.S. Geological Survey; 
chairman, division of geology and geog- 
raphy, 1943-46, general chairman, 1951- 
54, National Research Council; member, 
committee on geophysics and geogra- 
phy, Research and Development Board, 
1947-50; president, Geological Society 
of America, 1949-50; vice president, 
American Geological Institute, 1950-51; 
member, divisional committee on mathe- 
matical, physical and engineering sci- 
ences, National Science Foundation, 
1951-55; member, board of directors, 
Geochemical Society, 1955-57; council- 
lor, American Philosophical Society, 
1956-; visiting professor of geology, In- 
stitute of Geophysics, University of Cali- 
fornia (Los Angeles), 1954, California 
Institute of Technology, 1955, Johns 
Hopkins University, 1956. 

AAAS activities: member, Board of 
Directors, 1957-; member, Committee 
on Section E, 1939-42; member, New- 
comb Cleveland Prize Committee, 1951; 
representative on board of directors, 
Science Service, 1956—; member, Execu- 
tive Committee, 1958. 

Barry Commoner, 41 (cellular physi- 
ology and biochemistry), university fel- 
low, Harvard, 1937-38, assistant in 
biology, 1938-40; instructor, Queens 
College (N.Y.), 1940-42; lieutenant, 
U.S. Naval Reserve, active duty, 1942- 
46; associate editor, Science Illustrated, 
1946-47; associate professor of plant 
physiology, Washington University, 1947- 
53, and professor, 1953-, chairman, 
Committee on Molecular and Cellular 
Biology, 1957-, secretary, Committee on 
Cancer Research, 1953—; awarded AAAS 
Newcomb Cleveland Prize, 1953; naval 
liaison officer, U.S. Senate Committee 
on Military Affairs, Subcommittee on 
War Mobilization to assist in prepara- 
tion of National Science Foundation 
Bill, 1946; member, honorary advisory 
panel, Problems of Virology, 1957-; 
member, editorial board, International 
Review of Cytology, 1957-; council 
member, Federation of American Scien- 
tists, 1957; chapter president, Society of 
the Sigma Xi, 1957-58; chapter presi- 
dent, American Association of Univer- 
sity Professors, 1958. 

AAAS activities: secretary of Section 
G, 1954-; member, Committee on Social 
Aspects of Science, 1956-; chairman, 
Committee on AAAS Research Grants, 
1954-; member, Committee on Popular 
Books in Science, 1956-; member, Steer- 
ing Committee, AAAS Parliament of 
Science, 1958. 
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Barry Commoner 


H. Bentley Glass, 52 (genetics), teach- 
ing fellow, Baylor University, 1928-29; 
National Research Council fellow, ge- 
netics, University of Oslo, Kaiser-Wil- 
helm Institute, and University of Mis- 


‘ souri, 1932-34; instructor in zoology, 


Stephens College, 1934-38; assistant 
professor of biology, Goucher College, 
1938-41, associate professor, 1941-45, 
professor, 1945-47; associate professor, 
Johns Hopkins University, 1947-52, 
professor, 1952—. Consultant, U.S. De- 
partment of State, Germany, 1950-51; 
member of the governing board, Amer- 
ican Institute of Biological Sciences, 
1951-53, president, 1954-56; assistant 
editor, Quarterly Review of Biology, 
1944-48, associate editor, 1949-58, edi- 
tor, 1958-; editor, McCollum-Pratt Sym- 
posta, 1949-; editor, Survey of Biological 
Progress, 1954—; biology editor, Hough- 
ton Mifflin Co., 1946-; member of the 
board of trustees, Biological Abstracts, 
1956-, president, 1958-; secretary, 
American Society of Naturalists, 1950- 
52, member, executive committee, 1953; 


Clyde K. Kluckhohn 


H. Bentley Glass 


member of council, American Genetic 
Association, 1952—-; member of council, 
American Association of University Pro- 
fessors, 1949-52, chairman, Special 
Committee on Academic Freedom and 
Tenure in the Quest for National Secur- 
ity, 1955-56, chairman of Committee A, 
1956-58, president, 1958-60; secretary, 
American Society of Naturalists, 1950- 
52; chairman, Conference of Biological 
Editors, 1957-59; director, Survey of 
Biological Abstracting, 1952-54; mem- 
ber, Advisory Committee for Biology 
and Medicine, Atomic Energy Commis- 
sion, 1955-61; member, National Acad- 
emy of Sciences Committee on. the 
Genetic Effects of Atomic Radiations, 
1955-; member, executive committee of 
National Committee on Radiation Pro- 
tection, 1957-; member, Baltimore 
Board of School Commissioners, 1954— 
58; member, National Science Founda- 
tion Genetics Panel, 1956-. 

AAAS activities: vice president and 
chairman, Section F, 1956; member, 
Editorial Board, 1948-; acting editor, 


Margaret Mead 
723 


e- 
I- 
of ee 
“il 
ns 
of 
el- 
an 
4 
m- 
q 
la- 
8; 
an 
or, 
atk 
cal | 
ar- 
oT 
ad- 
0- 
of 


FARRAND. 


ELECTRON MULTIPLIER 


PHOTOMETER 


® Sensitivity — selective over a wide range @® Photomultiplier tubes — interchangeable 


© Linear and stable response 
®@ Detectable flux—as low as 4x10-10 lumens 


[FOC 


ET « NEW YORK 7O, N.Y. 
Precision Opiks, 


Eiertronic ond 


@ Compact and simple to operate 
Bulletin No. 804 Sent Upon Request 


A) 
1 
IF YOU WORK WITH 
HIGH VACUUM 
will be 
hi AVOID...FUSSING TIME 
Ss ippe . TINKERING TIME ONE SOURCE FOR 1 
. OPERATING DIFFICULTIE 
« COMPONENTS Se 
Q U | C K i Satisfactory design and profitable opera- Baffles RB 
e tion of high vacuum equipment require , Cold traps 
specialized knowledge and components. , Connectors ~ 4 
Even if you’re already a vacuum expert, «+ Filters oO 
Pd . . calculations, and costly pitfalls by asking * auges ( 
When it's a question of time . . for ‘the vacuum “Leak detectors 
H H alists. at’s the quick, sure, no- , eals 
and it usually is... you can always rely upon pigeons to assure that you benefit from : “Valves ke 
NUTRITIONAL BIOCHEMICALS CORPORATION, the lessons learned in thousands of + PUMPS 
vacuum installations. ° 4 
Most orders are shipped the same day that they NRC Equipment Corporation is your } Fb I 
ived one convenient source for service-proved . *Mec anical 
components, equipment, and systems Mechanical I 
A COMPLETE SELECTION OF especially designed for high vacuum + booster 
MORE THAN 200 NUCLEOPROTEINS and DERIVATIVES service, PLUS technical help in selecting * EQUIPMENT t 
Typical Derivatives the items which will best suit yourown $ Altitude sl 
Adenosine Triphosphate 6 Mercaptopurine 
Cytidine Uridylic Acid Write us today. 
Cozymase Uridine “Crystal pullers 
Coenzyme I, A 2, 6 Diamino Purine Sulfate stems 
Cytosine 8 Aza Guanine urnaces b 
Freeze Driers 
few literature 
**New literature 
CORPORATION , A Subsidiary of National Research Corporation t 
21010 Miles Avenue... Cleveland 28, Ohio Dept. 25-W, CHARLEMONT ST., NEWTON, MASS. i 
July 1958 1 
Over 2300 Items 
Write Dept. 102 E 
ti 
a 
t] 
C 
Pp 
2 
n 
1 
1 
t 
a 


For Use in- 
COLORIMETRY 
MICROSCOPY 
FLUOROMETRY 
FLAME 
PHOTOMETRY 
ETC. 


SCIENCE, VOL. 128 


os 
‘ 
| 
( 
| 
: 
ci 
tl 
1 
A 
RAND OF nc. c 
€ 


L. 128 


Science and The Scientific Monthly, 
1953. 

Clyde K. Kluckhohn, 53 (anthropol- 
ogy) assistant professor of anthropology, 
University of New Mexico, and research 
associate, School of American Research, 
1932-34; instructor in anthropology, 
Harvard, 1935-37, assistant professor, 
1937-40, associate professor, 1940-46, 
professor, 1946-, director, Russian Re- 
search Center, 1947-54; Lowell lecturer, 
Boston, 1944; Guggenheim fellow, 1945- 
46; Dyason lecturer, Australian Institute 
of Internal Affairs, 1952; fellow, Center 
for Advanced Study in the Behavioral 
Sciences, 1954—55; staff member, School 
for Overseas Administration, 1943-44; 
co-chief, Joint Morale Survey, Military 
Intelligence Service and Office of War 
Information, 1944-45; expert consultant 
to the Secretary of War, 1946-47; con- 
sultant, Research and Development 
Board, Department of Defense, 1948-54; 
consultant, Office of Indian Affairs, De- 
partment of the Interior, 1942-; mem- 
ber, Advisory Committee, Foreign Serv- 
ice Institute, Department of State, 


1956-; president, American Anthropo- 


logical Association, 1947; chairman, 
Division of Anthropology and Psychol- 
ogy, National Research Council, 1956-; 
trustee, Institute for Inter-Cultural Stud- 
ies; trustee, Harvard-Yenching Institute, 
1949-54; member, Scientific Advisory 
Board, Fels Institute; director, Associa- 
tion on American Indian Affairs; 
awarded Viking Medal for General An- 
thropology, 1950. 

AAAS activities: member, Executive 
Committee, Section H, 1940-43, vice 
president and chairman, 1950. 

Margaret Mead, 56 (anthropology), 
National Research Council fellow, 1925- 
26; Social Science Research Council fel- 
low, 1928-29; assistant curator of eth- 
nology, American Museum of Natural 
History, 1926-42, and associate curator, 
1942-; visiting lecturer, Vassar College, 
1929-41; director, Wellesley School of 
Community Affairs, 1944; visiting lec- 
turer, Columbia University, 1947-54, 
adjunct professor, 1954—, director of re- 
search in contemporary cultures, 1948— 
52; visiting professor, University of Cin- 
cinnati, 1957-58; executive secretary, 
National Research Council Committee 
on Food Habits, 1942-45; consultant on 
mental health and member of research 
committee, Mental Health Division, Na- 
tional Advisory Mental Health Council, 
U.S. Public Health Service; president, 
World Federation for Mental Health, 
1956-57; president, Society of Applied 
Anthropology, 1949; member, editorial 
board, American Scholar; secretary, In- 
stitute for Intercultural Studies, 1949; 
chairman, Section of Anthropology, New 
York Academy of Sciences. 

AAAS activities: member, Board of 
Directors, 1955-58; member, Commit- 
tee on Social Aspects of Science, 1957-; 
chairman, Nominating Committee, 1957. 


26 SEPTEMBER 1958 


*Pat. App’d. for 


~The model LRA is the first automatic refrig- 


erated centrifuge of its kind. Like the non- 
automatic Model LR, it has the newest and 
most efficient refrigeration design ever intro- 

_ duced. By proper placement of cutouts, baffles 
and deflection plates, a smooth forced air cir- 
culation system is set up. The warm air com- 
ing off the rotor flows around large surface 
area cooling coils on the side and bottom of 
the chamber. Upon emergence in the cooled 
form, the air flows onto all portions of the 
rotor. This system permits the cooling of any 
Lourdes’ rotor from ambient to 0°C within 
ten minutes by spinning at slow speed. Rotor 
temperatures are easily maintained at 0°C 
and lower during full speed extended runs, 
and as low as —15°C at lesser speeds or 
for shorter runs. 

By merely throwing a toggle switch, a 1 Hp. 
motor automatically accelerates any rotor to a 
speed. Lourdes’ electrodynamic push- 

utton braking system provides for smooth 
rotor stopping in a fraction of unbraked stop- 
ing time. A time delay relay releases the 
raking action at slow speed and permits the 
rotor to stop naturally without disturbing the 
sediment. This same centrifuge is now avail- 


able with a % Hp. motor drive (Model LRA-1) 


to provide higher speed and force with the 
smaller rotors. 

Each centrifuge comes adapted to accom- 
modate the new Lourdes’ continuous flow sys- 
tem at no additional cost. The continuous flow 

_ rotors with polyethylene liners, in addition to 
ease of operation, assembly and disassembly, 
also offer fast flow rate, high speed and force 


and greater collection capacity than any com- 


‘parable continuous flow centrifuge. New time 
saving applications for these rotors are being 
discovered daily. 
Every Lourdes’ instrument is guaranteed for 
a period of one year and this guarantee in- 
 gures customer satisfaction. 


LARGEST MANUFACTURER OF SUPER-SPEED CENTRIFUGES. ESTABLISHED 1944 


REFRIGERATED 
CENTRIFUGE 


Write for 
New General Catalog refer to $108 


Catalog includes: 


@ Refrigerated centrifuges* 

© Non-Refrigerated centrifuges 

@ Automatic Centrifuges 

@ Non Automatic centrifuges 

© Continuous flow centrifuges* 

@ Rotor and accessories 

@ Multimixer—All purose homogenizer 

© Volumixer—Large capacity homogenizer 


Sole distributor in Canada 
Canadian Laboratory Supplies Ltd. 


also 
Nationwide U.S.A. Dealerships 


LOURDES Instrument Corp. 


53rd STREET & Ist AVENUE 


) BROOKLYN 32, NEW YORK 


| 
* Push button Electro-Dynamic Braking 
(10,0006) 
All Lourdes’ rotors directly inter- 
*Pat App'd. for 
| 
| 
725 


*4 WAYS TO OPERATE 
Shaking only 
Shaking in heated water to 100° C 
Shaking in cold water to 0° C* 
Shaking in hot air* 


* One universal tray for all sizes of glassware—no other 
trays to buy 


* Stainless steel construction both inside and outside 
* 0 to 400 oscillations per minute, infinitely variable 


* Stepless strokes from 4%” to 1%” for complete 
flexibility 


* Constant speed motor unaffected by line voltage 
variations 


* 2 models available— 


big 26”x12"x 7" working chamber $49 5 
$795°° 


“Accessories additional 


or even larger 36” x 18”x 10” 
working chamber model 


Universal tray accom: 
modates all often 
_ glassware and is c 
pletely removabl 
glassware can be 
loaded and unic 


ORDER FROM YOUR DEALE 
LABLINE, 
- 3070 West Grand Ave., Chicago 


= 


MINI-POLYGRAPH 


“Simplicity and accuracy for student or scientist’’ 


® Rectilinear recording with 
ink on 6” paper with milli- 
meter square marking; simple 
and reliable linkage — only 
two moving parts 


® Compact versatility — EEG, 
ECG, and 2 pressure chan- 
nels or ECG and 3 pressure 
channels 

®@ Transducers plug in directly 
— no extra power supply 
or pre-amplifiers needed 

@ Rugged and sturdy 


@ Plug-in printed circuits 


® Anti-clogging inking system 
® Instantaneous speed change 
— 6 speeds 


GILSON MEDICAL ELECTRONICS 
On Madison's West Beltline Highway 
Middleton, Wisconsin 


y Sealable Type 


TISSUE CULTURE DISHES 


AVAILABLE IN 
30 mm., 40 mm,, 
50 mm., 65 mm, 


MADE FROM 
PYREX BRAND GLASS 


WRITE TODAY FOR 
DESCRIPTIVE LITERATURE 
AND PRICES. 


@ BELLCO GLASS INC. 


DEPT. 54— VINELAND, NEW JERSEY 


SCIENCE, VOL. 128 


NEW! LABLINE 
po 
+4 | purpose shaking bath be 
versatile... so cor venient to use... with em 
guaranteed high performance and exclusive 
iB set 
(1 
dif 
sol 
we 
ral 
cu 
pa 
du 
mi 
m: 
en the bench! : op 
th 
to: 
726 in 
= 
26 


Letters 


Use of Twins in 
Epidemiological Research 


The work of Osborne and Adlersberg 
on serum lipids in adult twins [Science 
127, 1294 (1958)] seems to us. to be im- 
portant, both because of the findings and 
because of the epidemiological method 
employed. We have therefore reviewed 
critically the experimental design and 
the results obtained. 

One factor which is hard to assess in 
this study is the extent to which the 
sample is biased as a result of the diffi- 
culty of obtaining pairs of twins. It is 
clearly too much to expect that the sub- 
jects used will be selected at random 
from the target populations; the best 
one can do is to take available subjects, 
recognize the major sources of bias, and 
draw conclusions that are subject to the 
serious limitations imposed by these 
biases. For example, since the level of 


serum lipids changes with age [D. Adlers- . 


berg, J. Am. Med. Assoc. 162, 619 
(1956) ], one would be cautious in mak- 
ing comparisons between any groups that 
differed in the distribution of ages. As 
some of the groups in this investigation 
were small and the age of the subjects 
ranged from 18 to 55 years, it may well 
be that age differences influenced the 
results obtained. Further, one would ex- 
pect that, as age increased, twins would 
be more likely to live apart. If this oc- 
curred, the effect of environmental dif- 
ferences due to living apart would be 
partially confounded with differences 
due to age. 

The authors classified twins into five 
main groups according to sex and zygos- 
ity; monozygous male, monozygous fe- 
male, dizygous male, dizygous female, 
and dizygous of unlike sex. The numbers 
belonging to these groups at birth are 
approximately in the ratio of 1:1:1:1:2 
[F. Sandon, J. Roy Statist. Soc. 120A, 
440 (1957)]. It is not essential that the 
population proportions should be pre- 
served in the sample, provided that the 
sampling is representative, in each case, 
of the appropriate group. However, 
when, as in this instance, the proportions 
are changed considerably (the dizysous 
male group and the dizygous group of 
unlike sex, in the sample, are relatively 
small) and random sampling has not 
been explicitly applied, one becomes sus- 
picious that selective factors might he 
operating. The same kind of point could 
be made by noting that the monozygous 
pairs outnumber the dizygous by 43 to 
39, that female pairs are more numerous 
than males in the ratio of 46 to 27, and 
that the number of female pairs living 
together is the same as the number liv- 
ing apart; in each case the deviation 
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from the corresponding population ratios 
is considerable. 

Each of the five groups of twins de- 
scribed above was subdivided according 
to whether the twins lived together or 
apart. It seems likely that twins living 
apart would be relatively hard to enlist 
as subjects, and that those living apart 


who came into the sample might there- _ 


fore be unrepresentative of their appro- 
priate groups. The authors note that 
they obtained only two pairs of dizy- 
gous male twins living apart. In our ex- 
perience, twins living together are likely 
to appear at the laboratory together, and 
thus to have blood drawn at the same 
time of day, under similar circumstances, 
and to have it analyzed in the same 
batches. When this happens, important 
sources of intrapair variance are con- 
trolled, and the data are not strictly 
comparable with data obtained in the 
absence of such controls. 

A point in the analysis of the data 
calls for comment. In computing an in- 
terpair variance for 14 pairs of mono- 
zygous male twins living in the same 
house and for 5 pairs living apart, the 
authors used a common mean for the 19 
pair averages and thus obtained 18 de- 
grees of freedom for a pooled interpair 
variance. This procedure is biased in the 
direction of increasing the interpair vari- 
ance in those cases where there is a 
difference between the means of the “to- 
gether” and “apart” groups. Indeed, the 
conventional method of detecting a dif- 
ference between the means of twins liv- 
ing together and twins living apart would 
be to test for nonrandom enlargement 
of the interpair variance as calculated 
by the authors. This potential bias re- 
sulting from differences in the group 
means is avoided if interpair variances 
are computed separately for the two 
groups, and subsequently pooled (unless 
they are significantly different). 

The authors are to be congratulated 
on their attempt to develop a new ap- 
proach to an important epidemiological 
problem. Publication of their full data, 
including the ages of the subjects, may 
resolve some of the problems discussed 
above. It does seem, however, that there 
are special difficulties in studying, in 
this way, an age-dependent variable such 
as serum cholesterol. These difficulties 
are not so acute when the variable under 
consideration is something like blood 
group or intelligence quotient, which 
does not vary with age. 

Coun 
Juuta B. ZALOKAR 
Martin A. Pitot 
Yale University School of Medicine, 
New Haven, Connecticut 


We appreciate the interest of White, 
Zalokar, and Pilot in our paper [““Serum 
lipids in adult twins,” Science 127, 1294 
(1958)] and the opportunity of adding 
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a few remarks which could not be pre- 
sented in a brief report. 

It is well established that serum cho- 
lesterol and serum phospholipid levels 
are sex- and age-dependent variables. 
From previous studies [Adlersberg et al., 
J. Am. Med. Assoc. 162, 619 (1956) ], it 
is known that in males there occurs a sig- 
nificant increase of total cholesterol and 
phospholipids in serum from age 20 to 
age 33 years. In females, however, these 
levels do not change significantly from 
age 2 to 32 years, but a significant rate 
of increase occurs from age 33 to 58. Al- 
though the ages of the subjects ranged 
from 18 to 55 years in our sample, the 
majority fell into the third and early 
fourth decades. The age differences be- 
tween the two groups compared were 
small, for example, in monozygotic male 
twins, those living together had a mean 
age of 25.04 and those living apart, of 
28.20, a difference of only three years. 
The greatest age difference was encoun- 
tered in female dizygotic twins; those 
living together had a mean age of 20.56 
and those living apart, of 33.23. In these 


age periods, serum lipids are not an age- ~ 


conditioned variable. 

We sympathize with the difficulties 
apparently experienced by White and 
his coworkers in obtaining twins living 
apart for simultaneous study. Because 
of the extreme importance of this pre- 
caution, the simultaneous physical and 
chemical examination of the two mem- 
bers of a twin pair was made a conditio 
sine qua non in our study. Rigid appli- 
cation of this principle often required 
many months of negotiation with the 
twin subjects, In addition, all specimens 
obtained were labeled by number, and 
their identity remained unknown to the 
laboratory personnel. Thus, any extrin- 
sic effects upon intrapair variances were 
reduced to the practicable minimum. 

In any epidemiologic study of man, 
sampling poses one of the most difficult 
problems. In the sampling of adult twins 
in good general health, the incidence of 
sex and zygosity at birth is of limited 
value. Greulich concluded, as early as 
1934, that the number of twins in the 
general adult population was approxi- 
mately 50 percent of the incidence at 
birth [Am. J. Phys. Anthropol. 19, 391 
(1934) ]. It is now well established that 
the sex and zygosity differential of twins 
in adulthood is subject during life to 
marked modifications. (The sampling of 
the twin population under study is dis- 
cussed in detail in a monograph by 
Osborne and DeGeorge, now in prepa- 
ration). 

We fully agree with White e¢ al. on 
the method of analysis to be used, and 
what they suggest had, in fact, been 
done. In our study the average lipid 
levels in the various groups were calcu- 
lated, compared, and found not to dif- 
fer significantly. Interpair variances were 
calculated separately and found not to 


26 SEPTEMBER 1958 


differ significantly, and subsequently 
they were pooled. 

The method of study, as well as the 
evaluation of the data, is discussed in 
greater detail in our paper entitled 
“Serum lipids, heredity, and environ- 
ment: A study of adult twins [Am. J. 
Med., in press]. 
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Davin ADLERSBERG 
Institute for the Study of Human 
Variation, Columbia University, 
New York, and Departments of 
Medicine and Chemistry, 
Mount Sinai Hospital, New York 


Meetings 
American Council on Education 


The response of education in the 
United States to the sputniks and the 
challenges of the space age will be dis- 
cussed by Arthur S. Flemming, Secre- 
tary of Health, Education, and Welfare, 
and other national leaders in education 
at the 41st annual meeting of the Amer- 
ican Council on Education in Chicago, 
9-10 October. The general theme, “Edu- 
cation Accepts New Challenges,” will 


4 


SAMPLE APPLICATOR | 


Reduces chromatogram set-up time. Increases precision 
of sample application. 


Send to Dept. A 
for descriptive literature 


or see an authorized 
RSCo distributor 


MODEL 1260 


The RSCo SAMPLE APPLICATOR provides rapidity and uniformity 


in sample application —two factors necessary for efficient large scale 


chromatographic investigation. 


» Convenient application in spots and streaks a 
» Smooth mechanical operation 


» Precise alignment of samples y 


« Uniform quantitative distribution of samples 
» Quick drying in controlled airstream 

» Easy insertion of paper, up to largest sheets 
» Clean, well lighted work area 

= Compact size, and easy maintenance 


Ordinary micropipettes or other similar transfer pipettes are accom- 


modated interchangeably. 


Available as accessories are a non-dripping Streaking Pipette (Model 
1860). and a pipette holder for simultaneous application of multiple 


spots (Model 1260-B). 


Price, Model 1260 only, without pipettes........ $150.00 


“(RSCo 


RESEARCH SPECIALTIES CO. 


200 South Garrard Blvd. 


Richmond, California 


729 


- 
ae 
| 
| 
le 
: 
: 
i 
ee 
AS 
128 


One of our BEST Values! 
AMP HEAVY DUTY | 
RAM DRILL 


with Jacobs Geared 
“Chuck & Key 
I Reg. $39.95—Our Price | 


$14.95 
plus 50¢ pp. & hdlg. | 
rast any expert and he’ll always say ‘‘RAM for 
Heavy Duty Work.” Not just an ordinary 2, 2% or | 
| 2% amp unit, but a powerful full 2.9 AMP. drill to do | 
povery heavy duty job in home, shop or industry. 
Built to take years of rough-tough use. Newer, more | 
rugged motor gives 44” capacity in hard wood and 
| 4” capacity in steel with a full load speed of 1200 
R.P.M. Durable, mirror finished, lightweight aluminum | 
| housing. Features Universal, series wound AC-DC 
| motor; heavy duty multiple Thrust ball 
automatic release trigger switch with locking pin; 6 
Itt. 2 conductor, UL approved cord and plug. Standard | 
115 V. AC-DC. This powerhouse measures’ 9” art | 
length yet weighs only 34% lbs. If you’ve ever needed 
la drill or find that your present %4” job just won't | 
| do the things you expect of it, ORDER THIS 2.9 | 
AMP. 44.” RAM DRILL TODAY! Limited quantities. 


* PORTABLE . . . weighs only | 
13 ozs., fits in pocket! | 
*ONE HAND OPERA- | 
TION ... | 
* POWERFUL ... | 
lifts up to 1000 Ibs.! | 
Amazing Work Saver for 
Hunters eHandymen 
20 Farmers Truck drivers l 
| Yachtsmen Motorists 
Here’s an unusual tool, even for us! It’s the tiny | 
| Midget Babe Block and Tackle. It weighs only 13 oz., l 
jet is so powerful it lifts up to 1000 lbs. | 
Because of its great strength, small size, complete 
portability—this block and tackle has many uses. In | 
J your car for emergencies, for home, factory, peel 
SF for loading heavy articles. For sportsmen: 
| icading deer, boats, ete. For anyone who has to do | 
| heavy lifting! Fine engineered throughout, best grade | 
aluminum, steel axles, pre-lubricated for life. Hoists 
| have two lifting slings, at top and bottom, with heavy | 
| welded steel rings. Slings can be doubled for extra | 
strength. Complete with 70 ft. nylon cord, 5 to 1 
ratio—1000 Ib, test. Carrying bag. Instructions | 


ppd. 9. 
AVAILABLE—Tiny Babe—Lifts up to 2000 
Ibs.! With 100 ft. nylon cord, y-1 ratio—2000 1b. I 
test—15 oz. wget. Twice as powerful as $9.95 model ] 
j—ay $12.95 ppd. 1 yr. guarantee on both models. 


IChrome Vanadium 29-Piece DRILL SET | 
Specially made for speed | 
drilling. In sturdy plas- | 
‘tic tool roll. Finest alloy 
steel drills hardened and | 
precision ground to the | 
sharpest, longest lasting 
cutting edge obtainable: 
| vill easily and cleanly bite through hardwoods, plas- | 
tics, aluminum, iron and the toughest steels. Uncon- 
ditionally guaranteed for thousands of drillings. Full l 
jobber length. Sizes by 64th from 1/16” to a". | 
There are only a limited quantity of sets available 
hat this low price, so hurry! ...... $6.49 ppd. 
| Also available with Turned Down Shanks to fit all | 
%” drills. In individual pocket roll. $8.95 ppd. 


60 Pc. Set Wire Gauge | 
Chrome Vanadium Drills | 
Top quality high test Chrome 
Vanadium Drills designed for 
speed drilling through toughest | 
steels, woods, plastic, iron and | 
Precision ground, long-lasting cutting 
edges. Guaranteed to give years of satisfaction. A full | 
60 pc. set nos. 1 through 60. A $14.95 Value— | 


I Same set above available with Huor Index ae | 
$6.65 | 


| Also available 61-80 set of high quality drills, a 


Surgical Steel — Hand Ground | 
| t of 1 i 
CARVING | 
| KNIVES | 
| $9.00 
| pd. 


ppd. 
| The sharpest, keenest ground; surgical steel blades we | 


in two! 12 different shapes and edges can do every | 
| iob of wood carving, model making, linoleum cutting, l 
| Sculpting and whittling imaginable. Each blade has a 
4%” long hardwood handle for easy gripping. | 
| Send Check or M.0. C.0.D. plus fee. Money Back Guarantee 
SCOTT-MITCHELL HOUSE, INC. | 
J Dept. 7109, 415 South Broadway, Yonkers, New York 
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be developed in the opening session at 
the Palmer House by Arthur S. Adams, 
president of the council, speaking on “A 
Clinical Look at the Controversy over 
Education,” and by Virgil M. Hancher, 
president of the State University of 
Iowa, on “The New Challenges and 
How To Meet Them.” 

Other general session speakers include 
Nathan M. Pusey, president of Harvard 
University; Norman P. Auburn, presi- 
dent of the University of Akron; and 
Lawrence A. Kimpton, chancellor of the 
University of Chicago, who also is this 
year’s chairman of the American coun- 
cil. The council’s membership of 140 
educational organizations and 1028 col- 
leges and universities is expected to send 
nearly 1000 college presidents and other 
top administrators to hear the addresses 
and to participate in the discussion 
groups. 


Pharmacology 


At the fall meeting of the American 
Society for Pharmacology and Experi- 
mental Therapeutics, held at the Uni- 
versity of Michigan, Ann Arbor, a reso- 
lution was introduced by Dr. Louis 
Goodman of the University of Utah, and 
President-Elect of the Society, com- 
mending the Past-President of the So- 
ciety, Dr. Otto Krayer of Harvard, for 
his significant leadership of the Society 
in expanding its program of activity and 
in developing national headquarters in 
Beaumont House, Washington, D.C., in 
conjunction with the American Physio- 
logical Society. The resolution was 
adopted with acclaim. Chauncey D. 
Leake of Ohio State University presided, 
and Carl Schmidt of the University of 
Pennsylvania reported on medical educa- 
tion in Latin America. Bernard B. Brodie 
of the National Institutes of Health ar- 
ranged a teaching institute on “Physico- 
chemical Factors in Drug Disposition,” 
and Leake held an informal discussion 
on teaching pharmacology to non-medi- 
cal students. A total of 157 scientific re- 
ports were given in 16 sections, with 
emphasis on neuropharmacology and on 
cardiovascular and autonomic drugs. 


Forthcoming Events 


October 


24-28. American Heart Assoc., San 
Francisco, Calif. (J. D. Brundage, 44 E. 
23 St., New York 10.) 

27-28. Child Research in Psychophar- 
macology, conf., Washington, D.C. (S. 
Fisher, Psychopharmacology Service Cen- 
ter, Natl. Inst. of Mental Health, Bethesda 
14, Md.) 

27-28. Plant Physiology, 9th annual 
research cong., Saskatoon, Saskatchewan, 
Canada. (D. T. Coupland, Plant Ecology 


PEXTO LABORATORY 


Beaker 39. oz. 
ample capacity 


Built to last 


a lifetime 


All-metal 
construction 


Light-weight 
only 2 Ibs. 


Easy to clean— 


can be sterilized 


Filter bags included 
with each press 


Easy and efficient 
to operate 
Parts contacting liquids 
Stainless steel 


An indispensable tool for every 
scientific laboratory! 


Designed -by a scientist to extract liquid 
from fruits, meats and vegetables, all the 
essential food elements entirely free from 
pulp and residue. 


ORDER YOUR PEXTON PRESS TODAY: 
Only $23.50 
LEE ENGINEERING CO. 


2023 W. Wisconsin Ave. Milwaukee 1, Wis. 


PSYCHOPHARMACOLOGY 


AAAS Symposium Volume 
edited by 
Nathan S. Kline 


6” x 9”, clothbound, 175 pp., 
bibliographies, index, 1956 
$3.50 ($3.00 for 
cash orders by AAAS members) 


This volume consists of material pre- 
sented at the first major conference on 
the remarkably successful use of new 
drugs such as chlorpromazine in the 
treatment of mental disease. 


“The authors are competent and care- 
ful workers who have approached this 
problem with a scientific attitude .. . 
Throughout the volume runs the thread 
of caution . . . New vistas are being 
opened for the psychiatrist, the neurolo- 
gist, the physiologist, the psychologist, 
the pharmacologist, and the chemist.” 
Foreword, Winfred Overholser. 

“This volume is not a reference in- 
tended for. use at the introductory stu- 
dent level. It can be reviewed with in- 
terest, however, by any serious member 
of the reading public.” American Journal 
of Pharmaceutical Education, July 1956. 


At all book stores or write 
American Association 
for the 


Advancement of Science 
1515 Massachusetts Ave., NW 
Washington 5, D.C. 
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BIOCHEMICALS 


EVERY PRODUCT ANALYZED 
EVERY ANALYSIS ON THE LABEL 


TYPICAL 
ANALYSIS 


WRITE FOR REFERENCE GUIDE AND PRICE 
LIST 123 CONTAINING COMPLETE 
SPECIFICATIONS OF EACH PRODUCT. 


AMINO ACIDS + PEPTIDES » FATTY ACIDS * ENZYMES 
COENZYMES ANTI-METABOLITES PYRIMIDINES 
CARBOHYDRATES *« HORMONES + NUCLEO PROTEINS 
VITAMINS PURINES HORMONE INTERMEDIATES 
PLANT GROWTH HORMONES « MISC. BIOCHEMICALS 


VARICORD 


VARIABLE-RESPONSE RECORDER 
for densitometry in paper electrophoresis 
Coo 


Recording function 
adjustable from linear to = 
logarithmic and trans~ 


logarithmic ==: 
+H 
$3525 = 
Sensitivity 
adjustable from 
10 to 200 millivolts 


Designed specifically to be used med scanning densitometers for correctly- 
compensated quentitative evaluation of electrophoretic patterns on filter paper 
Also: Densitometers pH Meters Colorimeters 
Meters Electronic Photometers 


liPHOTOVOLT. 


Fluorescence 
Multiplier Photometers 


CORP. 


New York 16, 


i 95 Madison Ave. 


THESE STAINLESS STEEL CAGES 


PROVIDE MANY NEW AND UNIQUE 
__ FEATURES FOR BETTER ANIMAL CARE. 


R. L. BRENT CAGES” 


Manufactured Exclusively 


PORTER-MATHEWS CO., 
Philadelphia, Pa. 


The mouse cages provide individual housing for lon- 
gevity studios, genetic experiments or L.D./50 studies. 
Each unit provides individual water and food supplies. 
The water lasts two weeks and food has to be supplied 
only eight times per month, at cage ae time. 


The rat cage provides easily accessible 
water and feeding facilities which do not 
need daily attendance. Paired rats need 


ALL STAINLESS STEEL 
MOUSE BOXES 
PROMPT DELIVERY — 
ALL SIZES 


food and water only weekly. The cage is 
convertible from screen to sawdust floor 
for an excellent breeding environment. 
Particular attention has been paid to the 
rat’s breeding, feeding, and hygienic 
habits. 
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Our New Catalogue Furnished 
Upon Request. 


Send Us Your Specifications. 


PORTER-MATHEWS CO., Inc. 


1728 N. 5th ST. 


PHILA. 22, PA Phone: POplar 5-4683 
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imal balance 


Model 730 


ONLY 


343 List Price 


W/O ATTACHMENT WEIGHTS 


CAPACITY 2610 Gram SENSITIVITY 0.1 Gram 
++ATTACHMENT WEIGHT SET #707 


This handy weight rack fits under base of scale. 
Extends capacity to 2610 Gram. 13.5 price $5.00 


for complete 
information write for 


FREE bulletin. ..... 1050 COMMERCE AVE. 
UNION, NEW JERSEY 


Custom Engineered Interchangeable 
Glassware Assemblies and 
Components. 

The most versatile line of 
small-scale glassware 
available. Many items 
-are equipped with 

3 18/9 joints, as well as 
- the popular $ 14/20. 

Illustrated are just 
a few of the count- 
less assemblies 
and components 
stocked. The 
individual user 
can readily develop 
innumerable varia- 
tions of the basic 
assemblies by using 
the many components 
available, 


ACE GLASS 


OR POR 


VINELAND NEW 


College of Agriculture, Univ. of Saskatch- 
ewan, Saskatoon. ) 

27-29. Radio, Institute of Radio Engi- 
neers, fall meeting, Rochester, N.Y. (V. 
M. Graham, EIA, 11 W. 42 St., N.Y.) 

27-29. Weak Interactions, APS conf. 
(by invitation), Gatlinburg, Tenn. (J. 
L. Fowler, ORNL, P.O. Box X, Oak 
Ridge, Tenn.) 

27-31. American Inst. of Electrical En- 
gineers, fall general, Pittsburgh, Pa. (N. 
S. Hibshman, AIEE, 33 W. 39 St., New 
York 18.) 

27-31. American Public Health Assoc., 
St. Louis, Mo. (B. F. Mattison, 1790 
Broadway, New York 19.) 

27-31. Metal Exposition and Congress, 
40th natl., Cleveland, Ohio. (ASM, 7301 
Euclid Ave., Cleveland 3.) 

27-31. Vertebrate Speciation Conf., 
Univ. of Texas, Austin. (W. F. Blair, 
Dept. of Zoology, Univ. of Texas, Austin 
12.) 

27-1. Mental Health, 3rd Latin Ameri- 
can cong., Lima, Peru. (B. Caravedo, 
Comite Peruano Organizador, III Con- 
greso Latinoamericano pro Salud Mental, 
Avenida del Golf 1040, San Isidro, Lima. ) 

29-30. °58 Computer Applications 
symp., Chicago, Ill. (M. J. Jans, Armour 
Research Foundation, 10 W. 35 St., Chi- 
cago 16.) 

30-31. Plastics, intern. symp., Philadel- 
phia, Pa. (ASTM, 1916 Race St., Phila- 
delphia 3.) 

30-1. American Assoc. of Textile Chem- 
ists and Colorists, 37th natl. conv., Chi- 
cago, Ill. (J. G. Kelley, E. I. duPont de 
Nemours & Co., Inc., 7 South Dearborn 
St., Chicago 3.) 

31-1. Central Soc. for Clinical Re- 
search, 3lst annual, Chicago, Ill. (A. S. 
Weisberger, CSCR, Suite 1215, 25 East 
Washintgon St., Chicago. ) 


November 


2-7. Radiology, 6th Pan American 
cong., Lima, Peru. (M. Lesonde, Inter- 
American College of Radiology, Tucuman 
1516, Buenos Aires, Argentina. ) 

3-4, Italian Soc. of Nuclear Biology 
and Medicine, 3rd cong., Florence, Italy. 
(Segreteria della Societa Italiana di Bi- 
ologia e Medicina Nucleare, Clinica 
Medica, Pisa, Italy.) 

4. Use of 650 and 704 Computers for 
Structure Analysis, conf., Pittsburgh, Pa. 
(G. A. Jeffrey, Dept. of Chemistry and 
Physics, Univ. of Pittsburgh, Pittsburgh. ) 

4-7. American Soc. of Tropical Medi- 
cine, Miami Beach, Fla. (R. B. Hill, 3575 
St. Gaudens Rd., Miami 33.) 

4-11. International North Pacific Fish- 
eries Commission, 5th annual (by invita- 
tion), Tokyo, Japan. (R. I. Jackson, 209, 
Wesbrook Building, Univ. of British Co- 
lumbia, Vancouver 8, Canada. ) 

5-7. Society of Rheology, annual, Phila- 
delphia, Pa. (W. R. Willets, Titaniaum 
Pigment Corp., 99 Hudson St., New York 
13.) 

6-7. Nuclear Science, 5th annual, San 
Mateo, Calif. (H. Pratt, IRE, 1 E. 79 St., 
New York 21.) 

6-8. Geochemical Soc., St. Louis, Mo. 


‘(K. B, Krauskopf, Geology Dept., Stan- 


ford, Calif, ) 
(See issue of 19 September for comprehensive list) 
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MECHANICAL 


Apparatus Clamp 


An apparatus clamp that always provides convenience 
and positive grasping power, ONE STYLE and 2 
SIZES meet every clamping requirement. The NYLAB 
Mechanical Hand can firmly grasp, with equal effi- 
ciency, any object from a thin wire to a condenser or 
flask. Adapts to and holds all conventional shapes. 


The most versatile laboratory clamp yet designed! 


Bird's-eye-view showing the exclusive swivel feature of 
Mechanical Hand .... A new type of V-Block mounting 
provides complete angular adjustability . . . . Flip-over 
clamping arm (one side for small objects—the other side 
for large objects) adjusts for apparatus up to 34%” 
maximum diameter. 


Constructed of a strong, corrosion resistant aluminum alloy 
with small parts of stainless steel. 

Small size Large size 

Range: 0 to 24%,” Range: 0 to 
Catalog No. 22990-6 Catalog No. 22990-10 
$4.25 $4.75 


Write for further detailed information. 


> 
New York Laboratory Supply Co., Inc. 


76-78 VARICK STREET NEW YORK 13,N.Y 
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ur new ZEISS 


ZEISS | 
STANDARD ! 


MICROSCOPE 
“GF” 


.. with combi tube and camera attachment 
.. with fluorescence equipment 

.. with phase accessories 

.. with planachro flatfield optics 


.. With built-in color ccrrected 
hi-intensity illumination 


and many other built-in features 


For descriptive literature contact: 


BRINKMANN 


INSTRUMENTS, INC. 
115 Cutter Mill Rd., Great Neck, N.Y. 
PHILADELPHIA | 


CLEVELAND HOUSTON 


argest distributor in the U.S are 
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v shopping for a 
non-overload linear amplifier? 


Our new Detectolab* DA8 is an off-the-shelf in- 
strument which we’ve been told is an extremely 
welcome addition to the field of general spectro- 
scopy ... or even as our friend Sherman succinctly 
puts it... specific spectroscopy. 

Higher amplifier gain, resolution, linearity and 
overload factor are but a few features which set this 
instrument above currently available models. 

Overload factor is 4000 times with 7 microsec- 
ond recovery rate, making the DA8 especially ap- 
plicable for use with larger radiation detectors. 
Additionally, amplifier gain is 70,000, either posi- 
tive or negative output pulse to 135 v and linearity 
better than 0.1%. Resolution is 1.0 microsecond. 

The Detectolab DA8 permits ready observance 
of low energy x-rays in the presence of energetic 
gamma radiation and is available with pre-amp 
and pulse height selector. 

A new technical bulletin excruciatingly describes 
all aspects of the DA8. Yours for the asking. 


BJ ELECTRONICS 


BORG-WARNER CORPORATION 


Reliability you can count upon 
*Borg-Warner Corporation Trademark 


B) ELECTRONICS 


BORG-WARNER 


3300 NEWPORT BOULEVARD, P.O. BOX 1679, SANTA ANA, CALIFORNIA 
EXPORT SALES: BORG-WARNER INTERNATIONAL CORP., CHICAGO, ILLINOIS 
734 


Equipment 


The information reported here is obtained 
from manufacturers and from other sources con- 
sidered to be reliable. Science does not assume 
responsibility for the accuracy of the informa- 
tion. A coupon for use in making inquiries con- 
cerning the itéms listed appears on page 


"TESTING MACHINE of 100-lb capacity 
is accurate within + 0.5 percent of indi- 
cation. Tensile, compression, transverse, 
or shear tests can be performed. Load 
measurement is provided by a calibrated 
pendulum. Draw-bar speeds up to 20 
in./min are selectable. Standard grip 
clearance is 1434 in. Output is a re- 
corded curve. (W. C. Dillon & Co., Inc., 
Dept. 354) 


™ RING LIGHT SOURCE is designed to pro- 
duce “cold light” shadowless illumina- 
tion of small objects for low-power mi- 
croscopic inspection. The light is 2.5 in. 
in diameter with a 1%4-in. aperture 
through which the specimen may be ob- 
served. (Aristo Grid Lamp Products 
Inc., Dept. 356) 


™ SOIL CONSOLIDATION TESTER applies a 
maximum pressure of 20 kg/cm? on a 
specimen 2.5 in. in diameter. Accuracy 
of the counterbalanced lever system used 
to adjust the load is +0.5 percent. The 
apparatus is portable. (Soiltest Inc., 
Dept. 358) 


™ PULSE-HEIGHT ANALYZER consists of a 
100-channel analog-to-digital converter 
and 20 channels of glow-transfer-tube 
storage. Any 20-channel group may be_ 
selected for data storage by means of a 
single switch setting. Linearity is 0.5 per- 
cent, and dead time is 500 usec. The 
instrument contains all components nec- 
essary for a complete scintillation spec- 
trometer except a phototube and crystal. 
(Tullamore Electronics Lab., Dept. 
359) 


™ GLOW-DISCHARGE UNIT for cleaning sur- 
faces preparatory to vacuum coating is 
capable of delivering 400 ma at 5000 v 
d-c. This output is large enough to per- 
mit use in a 48-in. coater. Current is lim- 
ited by a transformer that delivers ap- 
proximately 90 percent of input power 
at full load. (Consolidated Electrody- 
namics Corp., Dept. 360) 


™ pRINTER accepts parallel or serial input 
and prints from six to nine columns of 
digits in one or two copies. Output rate 
from parallel input is three lines per sec- 
ond; from serial input, four digits per 
second. An optional feature provides that 
the line to be printed is visible before 
and after printing. Paper slippage is less 
than 1/16 in. in 20 consecutive horizon- 
tal lines. The first copy can be torn off 
at any time. (Taller and Cooper Inc., 
Dept. 361) 
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RECORDING POTENTIOMETER can be 
adapted to handling from 2 to 24 chan- 
nels by means of plug-in adapter units. 
Change to a different work load requires 
changing a plug-in unit, a dial indicator, 
and a print wheel. According to the 
manufacturer, this change can be com- 
pleted in 3 min. Adaptation to various 
transducers and change of range can also 
be simply accomplished. Accuracy is 0.25 
percent. (Weston Instruments Division, 
Daystrom Inc., Dept. 364) 


™ FLUTTERMETER permits fine adjustment 
of recorder drives. To measure flutter, a 
prerecorded nominally 1000-cy/sec sig- 
nal is played through the recorder. The 
fluttermeter amplifies frequency modu- 
lation of the signal by the recorder and 
indicates percentage of variation on its 
output meter in two ranges: 0 to 1.5 
and 0 to 3.0 percent. Sensitivity is bet- 
ter than 30 mv. (Kay Electric Co., Dept. 
365) 


of polyethylene attaches to 
5-pt reagent bottle. Acid is delivered at 
1000 ml/min by light, rapid squeezes of 
a plastic bottle that is part of the pump. 
Pressure on a relief valve stops flow 
without drip. (Fisher Scientific Co., 
Dept. 366) 


™ PERFORATED TAPE READER is transistor- 
ized. The device will read five-, six-, 
seven-, or eight-level tapes at rates up 
to 1000 characters per second. Starting 
time is 3 msec, stopping time 0.2 msec. 
Tapes are read by photodiodes, (Potter 
Instrument Co., Inc., Dept. 362) 


® MELTING-POINT APPARATUS provides for 
simultaneous viewing of five capillary 
samples in a well-lighted, unobstructed 
field. A standard beaker is used as a con- 
tainer for the silicone-fluid heating bath. 
Electric heating is controlled by an auto- 
transformer. A compressed-air fitting 
permits connection to an air line for 
rapid cooling. Capillaries are vibrated 
to insure uniform packing of the sample, 
and an adjustable stirrer provides uni- 
form bath temperature. (Arthur H. 
Thomas Co., Dept. 383) 


® VACUUM LEAD-THROUGH TERMINAL is 
comprised of a high-alumina ceramic 
insulator fused to a metal lead-through 
pin. The terminal is designed to be used 
with soft solders or with hard solders at 
temperatures up to 1400°F. Various pin 
configurations are available. (Thermo 
Materials, Dept. 371) 


® RECORDER plots “on” time against total 
time on a 6- by 14-in. chart mounted on 
a drum. An accessory base provides digi- 
tal display of the same information. 
(Gorrell & Gorrell, Dept. 375) 

JosHua STERN 
National Bureau of Standards 
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Here’s how! 


To measure and control clarity of 
liquids: Whiskies, Beers, Wines, Soft Drinks, 
Pharmaceuticals, Liquid Sugars and Syrups, In- 
dustrial Chemicals, Industrial or Potable Waters. 


To measure filter efficiencies; Bacterial 
growth rates; contaminants in water. 


To determine Calcium, Magnesium, 
Sulfates and Chlorides as well as similar 
ions—in trace amounts—without filtering, wash- 
ing, drying or weighing of precipitates. 


The Coleman Nephelos System is based on a set 
of permanent, numerically related Nephelos Standards and 
a photoelectric instrument which is strictly linear in its 
response to scattered light, even at intensities far below the 
visible level. Two instruments 
are available: The Model 7 
Photo-Nephelometer for nephe- 
lometry only, and the Model 9 
Nepho-Colorimeter which incor- 
porates an excellent filter-pho- 
tometer system. 


NEW! Write for Bul- 
letin B-246, describ- 
ing Coleman Certified 
Nephelos Standards 
and Coleman preci- 
sion nephelometers. 


COLEMAN NEPHELOMETERS 


COLEMAN INSTRUMENTS INC., DEPT. §, MAYWOOD, ILLINOIS 
735 
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GRAF 
APSCO 


CHICAGO, U.S.A. 


Made in West Germany 


NEW DESIGN 
EXCLUSIVE 
SAFETY FEATURES 
HIGH QUALITY OPTICS 
10X OCULAR 
OBJECTIVES: 
16mm ( 10X) N.A. 0.27 
4mm ( 44X) N.A. 0.66 
1.8mm (100X) N.A. 1.30 


$192.00 
TEN YEAR GUARANTEE 


Write for catalogue 
listing safety features 


10% Discount on 5 or more. 
Models may be assorted to ob- 
tain this discount. 


TRANSPORTATION 
INCLUDED 


MEDICAL 
MICROSCOPES 


Most reasonably priced GUARANTEED 
Microscope on the market. 


THE GRAF-APSCO CO. 


CHICAGO 40, ILL. 


5868 BROADWAY 


MICROMANIPULATOR 
“CAILLO UX” 


Unmatched flexibility of movements in all directions in 
space are achieved by natural hand movements under 
magnifications of 100 X to 2000 X without adjustment. 
The “Cailloux” advanced design combines maximum speed, 
precise response and stability with unusual ease of oper- 
ation. Back-lash, parasitic vibrations and lag are elimi- 
nated. Prolonged manipulations can be conducted without 
fatigue. Includes many additional exclusive features. 


LOW IN PRICE 


C. H. STOELTING COMPANY 


424 N. HOMAN AVE., 


CHICAGO 24, ILL. 


PERSONNEL PLACEMENT | 


CLASSIFIED: 25¢ per word, minimum 
charge $4.25. Use of Box Number 
counts as 10 additional words. Pay- 
ment in advance is required. 


COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week). 


DISPLAY: Rates listed below—tno charge 
for Box number. Monthly invoices will 
be sent on a charge account basis — 
provided that satisfactory credit is 
established. 

Single insertion $26.00 per inch 

* 13 times in 1 year 24.00 per inch 
26 times in 1 year 23.00 per inch 
52 times in 1 year 22.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks betore date 
of issue (Friday of every week). 


Replies to blind ads should be addressed 
as follows: 
Box (give number) 
Science 
1515 Massachusetts Ave., NW 
Washington 5, D.C. 


POSrTtoNs WANTED 


Biologist, Bacteriologist, M.S., 34; 9 years’ ex- 
perience as director of research in pharmaceuti- 
cals. Desires academic or EES posi- 
tion. Box 215, SCIENCE x 


M.S. in Biology, 6 years’ experience in labora- 
resez — (biochemistry, diseases). Box 
Ss 


Physiologist; B.Sc., chemistry; M.A., physiol- 
ogy, biochemistry ; Ph.D (1958 ‘expected), phys- 
iology, biochemistry, pathology 8 years’ teach- 
ing and research. Medical Bureau, Burneice 
Larson, Director, 900 North Michigan, Chicago, 


OPEN ill 


Biclogist. Completed graduate work leading to 
Ph.D. ; $5880-$7344; to study ecology and pol- 
lution ‘of estuaries of Virginia. Virginia Fisheries 
Laboratory, Gloucester Point, Virginia. 

9/19, 26; 10/73, 10, 17, 24, 31 


Botanical and Cosmetic Chemist. An experienced 
botanical chemist and cosmetic chemist are re- 
quired for an interesting and challenging over- 
seas assignment. Liberal salary and _ benefits 
offered. Please send complete résumé to nn 


212, SCIENCE 


MEDICAL WRITER 


Opportunity available for young physi- 
cian in Professional Service Department 
of Medical Division. Should have ability 
and interest in medical writing. Clinical 
or laboratory experience desirable. Plaese 
send complete résumé to: 


Technical Employment Coordinator 
THE UPJOHN COMPANY 


Kalamazoo, Michigan 


Microbiologist. With a major in biochemistry 
and/or genetics for postdoctorate position at 
large western university. Send compelte eoamé 
with initial letter. Reply to Box 203, SCIE NG 


OPEN 


(a) Entomologist to assist in conducting ex- 
tensive trypanosomiasis research and _ control 
project to be carried out in Africa; 2-year tour 
of duty. (b) Research Chemist,’ Ph.D. for im- 
portant supervisory position, research depart- 
ment, major company serving hospital and sci- 
entific fields; established 1894; new plant on 
55-acre site; excellently equipped laboratories ; 
college town, East. (c) Scientist with pharma- 
ceutical or allied academic training and several 
years’ industrial experience in pharmaceutical 
research development; Ph.D. helpful but not re- 
quired; should be qualified to project coordina- 
tion, large group of technical people; university 
city, East ; $8000-$12,000. S9-4 Medical Bureau, 
Burneice Larson, Director, 900 North Michigan, 
Chicago. x 


PATENT AGENT 


Warner t bert Pharm Com- 
pany ’s continuing expansion has created a 
position for a patent agent or attorney to 
aid in the preparation of patent applica- 
tions and to assist in validity and infringe- 
ment studies, 
Successful applicant should have had some 
legal training and patent experience in the 
chemical or pharmaceutical field or as an 
examiner. 
For further information send résumé to 
Supervisor of Employment 


WARNER-LAMBERT 
PHARMACEUTICAL CO. 


Morris Plains New Jersey 


Pharmacologist. Opportunity with ethical phar- 
maceutical company, West Coast. .D. or 
equivalent. Please send full résumé to Personnel, 

iker Laboratories, Inc., 
nia, 9/12, 19, 26 
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OPEN 


NEW WORLD-WIDE GRADUATE AWARD 
DIRECTORIES for American Scientists, teach- 
ers, librarians to subsidize their education and 
research. Stipends $200-$10,000. Volume I 
(1957), $3; volume II (no duplication), special 
prepublication offer until 1 November, $2; both 
volumes $4 until 1 November. Limited edition. 
Complete, specific information on 400 awards in 
United States and overseas in each volume. 
CRUSADE, Sci., Box 99, Station G, Brooklyn 
22, N.Y. ew 


The Market Place 


BOOKS + SERVICES + SUPPLIES - EQUIPMENT 


||| SUPPLIES AND EQUIPMENT |i 


ALBINO RATS 
SWISS MICE 


Price lists on request 


DAN ROLFSMEYER co. 
Ph. ALpine 6-6149 
Route 3, Syene ne Madison, Wisconsin 


PHARMACOLOGIST 


Ph.D. or Equivalent 


Experience in practical pharmacology, with 

emphasis on gastrointestinal work quali- 

fies you for an important position in the 

Warner-Lambert Research Institute. 

Send complete résumé to: 
Supervisor of Tech E 


WARNER-LAMBERT 
RESEARCH INSTITUTE 


Morris Plains, New Jersey 


1 + 


(a) Pharmacologist; M.S., Ph.D., experienced 
cancer research; new large ‘medical school affili- 
ated research institute ; to $12,500; East. (b) 
Chemist; M.S. preferred to assist pathologist i in 
planning new department, expand curriculum ; 
hospital now expanding to over 200 beds; to 
$7500; stable industrial community 50, 000 ; Mid- 
west. (c) Assistant Chemist; 
in charge of department, 500- bed teaching hos- 
pital ; minimum $5000; East. (d) Bacteriolo- 
gist; M.S. preferred; hospital to 350 
beds ; to $5000; F lorida resort. (e) Research 
Virologist ; M.S., .D., interested influenza, 
polio research principally ; midwestern branch; 
important pharmaceutical house. (f) Biochemist; 

Ph.D. to head section in new laboratory 
to be completed early 1959; 400-bed hospital; 
to $9000; East. Woodward Medical Bureau, 
Ann Woodward, Director, 185 North Wabesh, 
Chicago. 


Ph.D. Pharmacologist interested in pharmacody- 
namics and drug evaluation. Real opportunity 
in growing pharmacology section of a progres- 
sive midwestern pharmaceutical company. No 
industrial experience required. Send salary re- 
quirements and résumé to Box ins 


Postdoctoral Trai hips in enzyme chemistry 
are available for 1959-60 at the University of 
Wisconsin, Institute for Enzyme Research in 
Madison. This program is supported in part by 
a oe. § ie from the Division of Research 
Grants, Public Health Service, and the 
stipends spcetied correspond in amount to Pub- 
lic Health Service postdoctoral traineeship sti- 
pends. Application forms and information may 
be obtained BY interested persons by writing to 
Dr. David Green, Program Director: 12/5 


SCIENCE TEACHERS, LIBRARIANS; AD- 
MINISTRATORS urgently needed for posi- 
tions in many states and foreign lands. Monthly 
non-fee placement journal since 1952 gives com- 
plete job data, salaries. Members’ qualifications 
and vacancies listed free. 1 issue, $1.00. very 
ie issues) membership, $5.00. CRUSAD 
SCI., Box 99, Station G, Brooklyn 22, N.Y. . ew 


Virologist, State Virus Laboratory. Master’ s de- 
gree with virus training and 2 years’ experience. 
Salary $440 to $550. Entrance step dependent on 
quali cations. Excellent opportunity in diagnos- 
tic and research activities in newly established 
and well-equipped laboratory. State Board of 
Health, Helena, Montana. 9/10, 26; 10/3 


FLUORIDATION AS A 
PUBLIC HEALTH MEASURE 


Editor: James H. Shaw 


Price $4.50, AAAS Members’ prepaid 
order price $4.00 


240 pp., 24 illus., index, clothbound, 1954 


This volume offers a comprehensive con- 
sideration of the present oon a of the 
relation of fluoride ingestion human 
health. The eminent malifications of each 
of the 21 authors should inspire confidence 
in the unbiased authenticity of the contents. 


AAAS 
1515 Mass Ave., NW, Washington 5, D.C. 
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DISPLAY: Rates listed below—no charge 
for Box number. Monthly invoices w i 
sent on a charge account basis — 
provided that satisfactory credit is 
established. 
Single insertion $26.00 per inch 
13 times in 1 year 24.00 per inch 
26 times in 1 year 23.00 per inch 
52 times in 1 year 22.00 per inch 
For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every og Ny 


BACTERIOLOGICAL AND GROSS 
TISSUE STUDY TECHNIQUES USED 
IN OUR QUALITY CONTROL 
HUNTINGDON FARMS, INC. 


2548 NORTH 27th ST. PHILA. 32, PA. 


USE THIS EASY SELF-MAILER to obtain 


further information 


Rea ers ce 


26 September 1958 


Information Requisition 


It’s Simple: Mark—Clip—Fold—Mail—No stamp required 


This coupon is for your convenience—to facilitate _your requests for further 
information about advertised products and items in Equipment. 


From: 


Postage 
WillbePaid 


by 
Addressee 


Zone 
"(Please print or type) 


BUSINESS REPLY CARD 
First Class Permit #12711 New York, N.Y. 


To: SCIENCE MAGAZINE 


Room 740 


11 West 42 Street 
New York 36, New York 


Fasten Here Only 
Staple, Tape, Glue 


| Mark, clip coupon — FOLD HERE along this line — mail 


737 
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[lj EQUIPMENT jj) 


SUPPLIES AND EQUIPMENT 


Sprague-Dawley, Inc. 


Pioneers in the development of the 
standard laboratory rat. 


Sprague-Dawley, Inc. 


SWISS Mice 


Phone: CEdar 3-5318 


P.O. Box 2071, Madison 5, Wisconsin 


NOW AVAILABLE: CsH 
AKR Cs:BL 
(C3Hx101) Fi 


selection. 
6140 Almeda, Houston 21, Texas 
Phone: JAckson 9-2764 


TEXAS INBRED MICE COMPANY 
STRONG A 


Mice of all strains derived from pure bred stock main- 
tained by brother to sister matings and proper genetic 


26 September 1958 


Information Requisition 


Use this easy self-mailer to obtain further information about 
items or literature from the Equipment section as well as from 
advertised products. 


EQUIPMENT 


Circle below desired number corresponding to: 


354 356 358 359 360 361 
365 366 371 wero 383 


ADVERTISERS IN THIS ISSUE 


In list below, check page number of advertiser from whom you would like 
more information. If more than one item appears in ad, letters (A, B, C) are 
used to indicate particular items available in order of appearance in advertise- 
ment. Where more than one ad appears on page, ‘‘U”’ indicates upper ad, “‘L”’ 
lower ad, ‘‘l’’ inside ad, ‘‘M’’ middle ad, and “‘O”’ outside ad. Advertisements 
in Personnel Placement and Market Place are not keyed. A multiplicity of items 
is indicated by *. Readers are requested to. specify on this coupon the par- 
ticular item in which they are interested; otherwise, the request cannot be 
processed. 


C686 0 687 688 690" 
0724,U0* (7244 0725 

0 726,0 0726,U! (726, LI 0 727* 728, uo 
0728,U!l 728,L 0 729 730,0* UI 
O731,Ul 731,U0 732, U 0 732,L 
0 733,1 733,0 734 0 735 736, uo 
0 736,Ul (739% 740" 


WHITE MICE 


Hamsters, Guinea Pigs and Rats 
J.E.STOCKER Box4 Ramsey, N.J. 


Special LaMOTTE Reagents 
for Analysis 


BORON — Use LaMotte “BORAN” 
(diaminochrysazin) A new standard- 
ized mapa synthesized in coopera- 
tion with Prof. John H. Yoe. Avail- 
able for immediate delivery. 
Sensitivity—1 part in 25,000,000 parts 
solution. 


LaMotte MUREXIDE {pure acid am- 
monium purpurate) High tinctorial 
ower, brilliant color, available for 
immediate delivery. LaMotte Murex- 
ide joins our TIRON and ZINCON 
as highly purified internal indicators. 


Send for LaMotte Catalog on 


CHEMICAL CONTROLS for 
pe Chlorine Phosphates and 
olyphosphates, etc. 


LaMOTTE CHEMICAL 
PRODUCTS CO. 


Dept. H Chestertown, Md. 


YS! MODEL 71 
THERMISTOR BASED 
TEMPERATURE 
CONTROLLER 


Dial the Temperature 
Which You Wish To Control 


FROM —6°C TO +124°C 


Dial Settability - - - - - + 
Fine Control Settability - + .01C 
Probe Sensitivity- - - - - + .05¢ 
Control Load 


PRICE $135.00 
COMPLETE INFORMATION ON REQUEST 


YELLOW SPRINGS INSTRUMENT CO. 
P. ©. Box 106-A 
YELLOW SPRINGS, OHIO 


Your sets and files of 
scientific journals 
are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
eriodical files you are willing to sell at high mar- 
et prices. Write Dept. A3S, CANNER’S, Inc. 
Boston 20, Massachusetts 


SCIENTIFIC JOURNALS WANTED eam 


Sets, Runs and Volumes bought at top prices. 
Your wants supplied frorn 
our Back Files of over 3,000,000 periodicals. 
Abrahams Magazine Service; N. Y. 3, N. Y. 


[Il PROFESSIONAL SERVICES ||| J 


Histology 
for 
Industry and Research 
George L. Rozsa, M.D. 


143 Lin Ave. Buffalo 9, New York 


SCIENCE, VOL. 


| 
4 Send for 
booklet 
TACONIC 
ea GERMANTOWN NEW YORK 
a 
— 
| 
: 
| 
| 
| 
\ 


rol 


_UNITRON offers an extensive 


BINOCULAR 

a PHASE CONTRAST 
POLARIZING BMPE $490 
MICROSCOPE 


MPS $269 


BINOCULAR 
AUTO-ILLUMINATION 
BMLU $425 


~ 


Noted for optical quality ... advanced optical and mechan 


ical design... unique and convenient operational features 


. .. long wearing construction... attractive budget prices 


_ which include basic optics . .. these, together with years of 


proven instrument performance, are the reasons why . . . 


THE TREND IS TO. UNITRON! 


9 BINOCULAR 
PHASE- 
CAMERA- 

MICROSCOPE 

BU-13 $1580 


Polaroid Land Camera 
Attachment 


e of Laboratory Micro- 
scopes & Accessories for Research, Industry and Education. — 
Illustrated is a partial selection for biology, medicine, — 
chemistry and related fields. UNITRON also has Som aue: 
instruments for the metalworking industries. 


STUDENT AUTO-ILLUMINATION 
MICROSCOPE 
MSA 


STEREOSCOPIC 
MICROSCOPE 


MSHL $267 Z 


Please rush UNITRON's Microscope Catalog 41-3 


Name 


Company 


i the Loborafore.. where 
atory... where optical quality 
| 
— 
204-206 UNITED SCIENTIFIC CO. 
| ON 9, MASSACHUSETTS 
OL.1 Address 
State 


Nuclear-Chicago offers complete new 


nucleonic laboratory instrumentation 


More than two years’ research went into the 33 a// — automatic counting systems. 

new instruments that have been added to the Nuclear- Whether you are just starting a modest radioisotope 
Chicago line now offered to the small orlargenucleonic —_ laboratory or expanding present facilities, call on 
research laboratory. Among these high-quality ad- | Nuclear-Chicago. For complete details on the new 


vance-design instruments are many completely  Nuclear-Chicago line, write for our new Catalog “Q”. 


4A Model DS5-3P Scintillation Detect 5 Model 2612P Portable Survey Meter con- 
with exposed 2” x 2” sodium iodide ——, tains a 1.4 mg/cm? thin window G-M tube 
crystal and 1B Model 132 Analyzer for surveying for alpha, beta, or gamma 
Computer for precision gamma-ray y contamination up to 20 milliroentgens 
measurements using pulse-heightdis- ‘ per hour. 
crimination techniques. 


2A Model DS5-5 Scintillation Well Counter 
with exclusive “scaler-spectrometer” 6 Model 2586 ‘‘Cutie Pie'’ features Inter- 
circuit and 2B Model 1820 Recording changeable ionization chambers for 
Spectrometer for automatic quantita- measuring beta, gamma, or x-radiation 
tive energy separation of gamma-ray up to 250 roentgens per hour. 
spectra. 


Model 183B Count-O-Matic Binary 

Scaler, 3B Model C110B Automatic 4A Model 3054 Manual Sample Changer with Model DS5 7 Model 1620A-S Analytical Count Rate 
Sample Changer with Model D47 Gas Scintillation Detector which features interchangeable Meter offers a wide choice of full scale 
Flow Counter, and 3C Model C111B alpha, beta, or gamma sensitive crystals connected to ranges, four time constants, wide range 
Printing Timer for completely auto- Nuclear-Chicago's finest scaler, the 4B Model 192A high voltage supply. It is shown with a 
matic changing, counting, and record- Ultrascaler. Model 192A features decade scale of 10,000, Model D34 thin window G-M tube and 
ing of as many as 35 soft beta emitting one millivolt sensitivity, and precision automatic P11 probe for continuous monitoring or 
radioactive samples. circuitry. analytical radioactivity determinations. 


nuclear - chicago 


FPF FP RAO Tt oe Ww 


® 237 WEST ERIE STREET © CHICAGO 10, ILLINOIS 
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